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Of Aronomy in general. 


knowledged to be, and undoubtedly is, the moſt ſublime, — Aftro- 


I, O F all the ſciences cultivated by mankind, Aſtronomy is ac- The general 


the moſt intereſting, and the moſt uſeful. For, by know- 

| ledge derived from this ſcience, not only the bulk of the 
Earth is diſcovered, the ſituation and extent of the countries and king- 
doms upon it aſcertained, trade and commerce carried on to the 
remoteſt parts of the world, and the various products of ſeveral coun- 
tries diſtributed for the health, comfort, and conveniency of its inha- 
bitants; but our very faculties are enlarged with the grandeur of the 
ideas it conveys, our minds exalted above the low contracted preju- 
dices of the vulgar, and our underſtandings clearly convinced, and 
affected with the conviction, of the exiſtence, wiſdom, power, good- 


neſs, and ſuperintendency of the SUPREME BEING ! 80 that 
without an hyperbole, , | 5 
« An undevout Aſtronomer is mad *.“ 


2. From this branch of knowledge we alſo learn. by what means 
or laws the Almighty carries on, and continues the admirable har- 
mony, order, and connexion obſervable throughout the planetary 
ſyſtem ; and are led by very powerful arguments to form the pleaſing 
deduction, that minds capable of ſuch deep reſearches not only derive 
their origin from that adorable Being, but are alſo incited to aſpire 

* Dr, YounG's Night Thoughts. ite 
| | | e 


— 
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a after a more perfect knowledge of his nature, and a ſtricter conformity 
to his will. g . 
The Earth 3. By Aſtronomy we diſcover that the Earth is at fo great a diſtance 
— 1 from the Sun, that if ſeen from thence it would appear no bigger 
Sun. than a point; although it's circumference is known to be 25,020 miles. 
Vet that diſtance is ſo ſmall, compared with the diſtance of the Fixed 
Stars, that if the Orbit in which the Earth moves round the Sun were 
ſolid, and ſeen from the neareſt Star, it would likewiſe appear no 
bigger than a point, although it is at leaſt 162 millions of miles in di- 
ameter. For the Earth in going round the Sun is 162 millions of 
miles nearer to ſome of the Stars at one time of the year than at an- 
other; and yet their apparent magnitudes, ſituations, and diſtances 
from one another ſtill remain the ſame; and a teleſcope which magni- 
fies above 200 times does not ſenſibly magnify them: which proves 
them to be at leaſt 400 thouſand times farther from us than we are 
from the Sun. er | | 

4. It is not to be imagined that all the Stars are placed in one con- 
cave ſurface, ſo as to be equally diſtant from us; but that they are 
ſcattered at immenſe diſtances from one another throngh unlimited 
The Stars are ſpace. So that there may be as great a diſtance between any two 
Suns. neighbouring Stars, as between our Sun and thoſe which are neareſt 
to him. Therefore an Obſerver, who is neareſt any fixed Star, will 
look upon it alone as a real Sun; and conſider the reſt as ſo many 

1 points, placed at equal diſtances from him in the Firmament. 
5. By the help of teleſcopes we diſcover thoufands of Stars which 
are inviſible to the naked eye; and the better our glaſſes are, ſtill the 
And innume- more become viſible : ſo that we can ſet no limits either to their 
* number or their diſtances. The celebrated Huv GEN s carries his 
thoughts ſo far, as to believe it not impoſſible that there may be Stars 
at ſuch inconceivable diſtances, that their light has not yet reached 
the Earth fince it's creation; although the velocity of light bo a million 
of times greater than the velocity of a cannon bullet, as ſhall- be de- 
monſtrated afterwards 5 197, 216 : and, as Mr. Appiso very juſtly 
, obſerves, this thought is far from being extravagant, when we conſider - 
that the Univerſe is the work of infinite power, prompted by infinite 
goodneſs; having an infinite ſpace to exert itſelf in; fo that our imagi- 

* nations can ſet no bounds to it. 

Why the un 6. The Sun appears very bright and large in compariſon of the 
appears bi Fixed Stars, becauſe we keep conſtantly near the Sun, in compariſon 
Tears of our immenſe diſtance from the Stars. For, a ſpectator, placed as 
near to any Star as we are to the Sun, would ſee that Star a body as 
2 | large 


Of Aſtronomy in general. 


large and bright as the Sun appears to us: and a ſpectator, as * diſtant 


from the Sun as we are from the Stars, would ſee the Sun as ſmall as 
we ſee a Star, diveſted of all its circumvolving Planets; and would 
reckon it one of the Stars in numbering them. 


7. The Stars, being at ſuch immenſe diſtances from the Sun, cannot The Stars are 
not enlight- 


ened by the 


{bly receive from him ſo ſtrong a light as they ſeem to have; nor 
any brightneſs. ſufficient to make them viſible to us. For the Sun's 


rays mult be fo ſcattered and diſſipated before they reach ſuch remote. 


objects, that they can never be tranſmitted back to our eyes, ſo as to 
render theſe objects viſible by reflection. The Stars therefore ſhine 
with their own native and unborrowed luſtre, as the Suh does; and 
ſince each particular Star, as well as the. Sun, is confined to a particular 
8 of ſpace, tis plain that the Stars are of the ſame nature with 

e Sun. . | | 

8. It is no ways probable that the Almighty, who always acts 
with infinite wiſdom and does nothing in vain, ſhould create ſo many 
glorious Suns, fit for ſy many important purpoſes, and place them 
at ſuch diſtances from one another, . 4 proper objects near 


enough to be benefited by their influences. Whoever imagines they They are pro- 
bably ſur- 


of this Globe, muſt have a very ſuperficial knowledge of Aſtronomy, — by 


were created only to give a faint glimmering light to the inhabitants 


and a mean opinion of the Divine Wiſdom: ſince, by an infinitely leſs 
exertion of creating power, the Deity could have given our Forth 
much more light by one ſingle additional Moon. 

9. Inſtead then of one Sun and one World' only in the Univerſe, 
as the unſkilful in Aſtronomy imagine, that Science diſcovers to us 
ſuch an inconceivable number of Suns, Syſtems, and Worlds, diſ- 
perſed through boundleſs Space, that if our Sun, with all the Planets, 
Moons, and Comets belonging to it were annihilated, they would be 
no more miſſed out of the Creation than a grain of ſand from the 
ſea-ſhore. The ſpace they poſſeſs being comparatively ſo ſmall, that 


it would ſcarce be a ſenſible blank in the Univerſe ; although Saturn, 


the outermoſt of our'planets, revolves about the Sun in an Orbit of 
4884 millions of miles in circumference, and ſome of our Comets 
make excurſions upwards of ten thouſand millions of miles beyond 
Saturn's Orbit; and yet, at that amazing diſtance, they are incomparably 
nearer to the Sun than to any of the Stars; as is evident from their 
keeping clear of the attractive Power of all the Stars, and returning pe- 
riodically by virtue of the Sun's attraction. 


10. From what we know of our own Syſtem it may be * The ſtellar 
be habitable, 


concluded that all the reſt are with equal wiſdom contrived, ſituate 
a 2 and 


% 
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and provided with accommodations for rational inhabitants. Let us 
therefore take a ſurvey of the Syſtem to which we belong; the only 
one acceſſible to us; and from thence we ſhall be the better enabled 
to judge of the nature and end of the other Syſtems of the Univerſe. 
For although there is almoſt an infinite variety in all the parts of the 
Creation which we have opportunities of examining; yet there is a 
eneral analogy running through and connecting all the parts into one 
e as Fee one whole! 1 
11. And then, to an attentive conſiderer, it will appear highly 
ä probable, that the Planets of our Syſtem, together with their atten- 
As our Solar dants called Satellites 'or Moons, are much of the fame nature with 
Manets are our Farth, and deſtined for the like purpoſes. For, they are ſolid 
opaque Globes, capable of ſupporting animals and vegetables. Some 
of them are bigger, ſome leſs, and ſome much about the ſize of our 
Earth. They all circulate round the Sun, as the Earth does, in a 
ſhorter or longer time according to their reſpective diſtances from 
him : and have, where it would not be inconvenient, regular returns 
of ſummer and winter, ſpring and autumn. They have warmer and 
colder climates, as the various productions of our Earth require : and, 
in ſuch as afford a poſſibility of diſcovering it, we obſerve a regular 
motion round their Axes like that of our Earth, cauſing an alternate 
return of day and night; which is neceſſary for labour, reſt, and 
vegetation, and that all parts of their ſurfaces may be expoſed to the 
rays of the Sun, 
The farther 12. Such of the Planets as are fartheſt from the Sun, and there- 
from the Sun fore enjoy leaſt of his light, have that deficiency made up by ſeve- 
have moſt | - 
Moons to en. Tal Moons, which 1 accompany, and revolve about them, 
lighten their as Our Moon revolves about the Earth. The remoteſt Planet has, over 
chte. and above, a broad Ring encompaſſing it; which like a lucid Zone in 
the Heavens reflects the Sun's light very copiouſly on that Planet: ſo 
that if the remoter Planets have the Sun's light fainter by day than we, 
they have an addition made to it morning and evening by one or more 
of their Moons, and a greater quantity of light in the night-time. 
Our Moon 13. On the ſurface of the Moon, becaule it is nearer us than any 
Her other of the celeſtial Bodies are, we diſcover a nearer reſemblance of 
our Earth, For, by the aſſiſtance of teleſcopes we obſerve the Moon 
to be full of high mountains, large valleys, and deep cavities. Theſe 
ſimilarities leave us no room to doubt but that all the Planets and 
Moons in the Syſtem are defigned as commodious habitations for crea- 
= endowed with capacities of knowing and adoring their-beneficent 
reator, 


14. Since 
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of Aftfontiigini\gentral. : 
Hg Since the Fixed Stars are prodigious ſpheres of ſire, like out 
Sun, and at inconceivable diſtances from one another, as well as from 
us, it is reaſonable to conclude they are made for the ſame purpoſes 
that the Sun is; each to beſtow light, heat, and vegetation on a 


certain number of inhabited Planets; kept by gravitation within te 
ſphere of it's activity. en e e e end . 
15. What an auguſt 1! what an amazing conception, if human ima · NumberleG 
and 


gination can oonceive it, does this give of the works of the Creator! World 
Thouſands of thouſands of Suns, multiplied without end, and ranged 
all around us, at immenſe diſtances from each other, attended by ten 
thouſand times ten thouſand Worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the paths preſcribed them; 
and theſe Worlds peopled with myriads of intelligent beings, formed atk, 


for endleſs progreſſion in perfection and felicity. 
16. If ſo much power, wiſdom, gobdneſs, and magnificence is 


diſplayed in the material Creation, which is the leaſt conſiderable part 
of the Univerſe, how great, how wiſe,” how good muſt HE be, Who 
made and governs the Whole 441199 £21 4 | et yt * 


| +l; brief Deſcription of the Solar SYSTEM. 


* pf 9% E Planets and Comets which move round the Sun as their PLATE I. 
center, conſtitute the Solar Syſtem. Thoſe Planets which pig. 1. © 
are nearer the Sun not only finiſh their circuits ſooner, but likewiſe _ 
move faſter in their reſpective Orbits than thoſe which are more re- The Solar 
mote from him. Their motions are all performed from welt to eaſt, y ſtem. 
in Orbits nearly circular. Their names, diſtances, bulks, and perio- 


dical revolutions, are as follows. 


18. The Sux , an immenſe globe of fire, is placed near the The Sun., 
common center, or rather in the lower * focus, of the Orbits of all 


* If a thread be tied looſely round two pins ſtuck in a table, and moderately ſtretched 
by the point of a black lead pencil carried round by an even motion and light preſſure 
of the hand, an oval or ellipſis will be deſcribed ; the two points where the pins are 
fixed being called the 2 or focuſes thereof. The Orbits of all the Planets are ellip- 
tical, and the Sun is placed in or near to one of the fog: of each of them: and that in 


which he is placed, is called the /ower ficur. 2 ch 
OY e: 


6 Of vhe Solar Syſtem. 


PLATE I. the Planets and Comets “; and turns round his axis in 2 5 days 6 hours, 
Fig. I. as is evident by the motion of ſpots ſeen on his ſurface. His diameter 
The Sun. 15 computed to be 763,000 miles ; and, by the various attractions ; 
of the circumwolving Planets, he is agitated by a ſmall motion 
round the center of gravity of the Syſtem. All the Planets, as ſeen 
from him, move the ſame way, and according to the order of Signs in 
the graduated Circle Y & IN S &c. which repreſents the great Ecliptic in 
the Heavens: but, as ſeen from any one Planet, the reſt appear ſome- 
times to go backward, ſometimes forward, and ſometimes to ſtand 
fill; not in circles nor ellipſes, but in + looped curves which never 
return into themſelves. The Comets come from all parts of the Hea- 
vens, and move in all forts of directions. | | 
19. Having mentioned the Sun's turning round his axis, and as 
there will be frequent occaſion to _ of the like motion of the 
Earth and other Planets, it is proper here to inform the young Tyro in 
Aſtronomy, that neither the Sun nor Planets have material axes to 
turn upon, and ſupport them, as in the little imperfect Machines con- 
The Axes of trived to repreſent them. For the axis of a Planet is a line conceived 
me Fant to be drawn through it's center, about which it revolves as on a real 
axis, The extremities of this line, terminating in oppoſite points of 
the Planet's ſurface, are called its Poles. That which points towards 
the northern part of the Heavens is called the North Pole; and the 
other, pointing towards the /outhern part, is called the South Pole, A 
bow] whirled from one's hand into the open air turns round ſuch a line 
within itſelf, whilſt it moves forward; and ſuch are the lines we mean, 
when we ſpeak of the Axes of the Heavenly bodies. 
Their Orbits 20. Let us ſuppoſe the Earth's Orbit to be a thin, even, ſolid plane; 
gre notin ade cutting the Sun through the center, and extended out as far as the 
lh De. Starry Heavens, where it will mark the great Circle called the Ecliptic. 
cliptic, This Circle we ſuppoſe to be divided into 12 equal parts, called Signs; 
each Sign into 30 equal parts, called Degrees; each Degree into 
60 equal parts, called Minutes; and every Minute into 60 equal parts, 
called Seconds: ſo that a Second is the 6oth part of a Minute; a Minute 


* Aſtronomers are not far from the truth, when they reckon the Sun's center the lower 
focus of all the Planetary Orbits. Though ſtrictly ſpeaking, if we conſider the focus 
of Mercury's Orbit to be in the Sun's center, the focus of Venus's Orbit will be in the 
common cepter of gravity of the Sun and Mercury; the focus of the Farth's Orbit 
in the common center of gravity of the Sun, Mercury, and Venus ; the focus of the 
Orbit of Mars in the common center of gravity of the Sun, Mercury, Venus, and the 
Earth; and ſo of the reſt. Yet, the focuſes of the Orbits of all the Planets, except 
Saturn, will not be » removed from the center of the Sun ; nor will the focus of 
Saturn's Orbit recede ſenſibly from the common center of gravity of the Sun and Jupiter, 

+ As repreſented in Plate III. Fig. I. and deſcribed in 5 138. 
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the both part of a Degree; and a Degree the 360th part of a Circle, PLATE I. 


or zoth part of a Sign. The Planes ef the Orbits of all the other 

Planets likewiſe cut the Sun in halves; but extended to the Heavens, 

form Circles different from one another, and from the Ecliptic ; one 

half of each being on the north ſide, and the other on the ſouth ſide of Their Nodes. 


it. Conſequently the Orbit of each Planet croſſes the Ecliptic in two 
oppoſite points, which are called the Planet's Nodes. Theſe Nodes are 


all in different of the Ecliptic; 'and therefore, if the planetary 
Tracks remained viſible in the Heavens, they would in ſome meaſure 


. reſemble the different rutts of waggon-wheels croſſing one another in 


different parts, but never going far aſunder. That Node, or Inter- 
f the Orbit of any Planet with the Earth's Orbit, from which 
the Planet aſcends northward above the Ecliptic, is called the Aſcending 
Node of the Planet; and the other, which is directly oppoſite thereto, 
is called it's Deſcending Node. Saturn's Aſcending Node is in 21 deg. Where fituat- 
13 min. of Cancer S, Jupiter's in 7 deg. 29 min. of the ſame Sign, ed. 
Mars's in 17 deg. 17 min. of Taurus 8, Venus's in 13 deg. 59 min. 
of Gemini II, and Mercury's in 14 deg. 43 min. of Taurus. Here we 
conſider the Earth's Orbit as the ſtandard, and the Orbits of all the 
other Planets as oblique to it. 

21, When we ſpeak of the Planets Orbits, all that is meant is their The Planets - 
Paths through the open and unreſiſting Space.in which they move; Orbits, what. 
and are kept in, by the attractive power of the Sun, and the projectile 
force impreſſed upon them at firſt: between which power and force 
there is ſo exact an adjuſtment, that without any ſolid Orbits to confine 
the Planets, they keep their courſes, and at the end of every revolution 
find the points from whence they firſt ſet out, much more truly than 
can be imitated in the beſt machines made by human art. | 


22. MERcuRY, the neareſt Planet to the Sun, goes round him Mercury. 
(as in the circle marked ) in 87 days 23 hours of our time nearly; 
which is the length of his year. But, being ſeldom ſeen, and no pig. 1. 
ſpots appearing on his ſurface or diſc, the time of his rotation on 
his axis, or the length of his days and nights, is as yet unknown. 
His diſtance from the Sun is computed to be 32 millions of miles, and 
his diameter 2600. In his courſe, round the Sun, he moves at the 


rate of 95 thouſand miles every hour. His light and heat from the 


Sun are almoſt ſeven times as great as ours; and the Sun appears to him 
almoſt ſeyen times as large as to us. The great heat on this Planet is May be inha- 
no argument againſt it's being inhabited; ſince the Almighty could as 


eaſily ſuit the bodies and conſtitutions of it's inhabitants to the _ of 
elr 


8 
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PLATE L their dwelling;- as he has done ours to the temperature of our Earth. 


And it. is very probable that the people there have ſuch an opinion of 
us, as we have of the inhabitants of Jupiter and Saturn; namely, 
that we muſt be intolerably cold, and have very little light at ſo great 


42 diſtance from the Sun. | ; ö 
Has like pha- 542134 This Planet appears to us with all the various phaſes of the 


{es with the 
Moon. | 


His Orbit 
and Nodes. 


When he will 


Moon, when viewed at different times by a good teleſcope ; fave only 
that he never appears quite Full, becauſe; his enlightened fide is never 
turned directly towards us but when he is ſo near the Sun as to be loſt to 


our ſight in it's beams. And, as his enlightened ſide is always toward 


the Sun, it is plain that he ſhines not by any light of his own; for 


if he did, he would conſtantly appear round. That he moves about 


the Sun in an Orbit within the Earth's Orbit is alſo plain (as will be 
more largely ſhewn by and by, § 141, & ſeq.) becauſe he is never ſeen 
oppoſite to the Sun, nor above 56 times the Sun's breadth from his 
center, 1781) | 

24. His Orbit is inclined ſeven degrees to the Ecliptic ; and that 
Node 5 20, from which he aſcends northward above the Ecliptic is 
in the 14th- degree of Taurus; the oppoſite, in the 14th degree of 
Scorpio. The Earth is in theſe points on the 5th of November and. 
ath of May, new ſtyle ; and when Mercury comes to either of his 
Nodes at his “ inferior Conjunction about theſe times, he will appear 
to pals over the diſc or face of the Sun, like a dark round ſpot. But 


in all other parts of his Orbit his Conjunctions are inviſible, becauſe 


he either goes above or below the Sun. | 
25. Mr. Waris rox has given us an account of ſeveral periods at 


be ſeen a5 if-which Mercury may be ſcen on the Sun's diſc, vis. In the year 


upon the Sun, 


"Fig. 1. 


Venus. 


1782, Nov. 12th, at 3 h. 44 m. in the afternoon: 1786, May 4th, 
at 6 h. 57 m. in the forenoon: 1789, Dec. 6th, at 3 h. 55 m. in the 
afternoon; and 1799, May 7th, at 2 h. 34 m. in the afternoon. There 
will be ſeveral intermediate Tranſits, but none of them viſible at 


London. 1 


26. VENus, the next Planet in order, is computed to be 59 millions 
of miles from the Sun; and by moving at the rate of 69 thouſand 
miles every hour in her Orbit (as in the circle marked ꝙ), ſhe goes 
round the Sun in 224 days 17 hours of our time nearly; in which, 
though it be the full length of her year, ſhe has only 9 days, ac- 
cording to BLANCHiNni's obſervations; fo that in her, every day and 
night together is as long as 24 days and nights with us. This odd 

When he is between the Earth and the Sun in the nearer part of his Orbit. 
| quarter 
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Of tbe Solar Syſtem. TY 


quarter of a day in every year makes every fourth year a leap- year to 
Venus; as the like does to our Earth. Her diameter is 7906 miles; 
and by her diurnal motion the inhabitants about her Equator: ace carried 

43 miles every hour: beſides the 69,000 above- mentioned. 
27 Her Orbit includes that of Mercury within it; for at het greateſt Her Orbit! lee 
Elongation, or apparent diſtance from the Sun, ſhe is 96 times ——— * 
breadth from his centre; which is almoſt double of Mercury's. ' Her Mercury. 
Orbit is included by the Earth's; for if it were not, ſhe-might be ſeen 

as often in Oppoſition to the * as in Conjunction with him; but 

ſhe was never ſeen 9o degrees, or a fourth part of: a Circle, om 


the Sun. matt 
28. When Venus appears welt of he Sun the riſes — binn in the She is cur 


morning, and is called the Morning Star: when ſhe appears eaſt of Noming and 
the Sun ſhe ſhines in the evening after he ſets, and is then called the by — : 
Evening Star: being each in it's turn for 290 days. It may perhaps 
be ſurpriſing at firſt, that Venus ſhould keep longer on the eaſt or weſt 
of the Sun than the whole time of her Period round: him. But the 
difficulty vaniſhes when we conſider that the Earth is all the while 
going round the Sun the ſame way, though not ſo quick as Venus: 
and therefore her relative motion to the Earth muſt in every Period be 
as much flower than her abſolute: motion in her Orbit, as the-Earth © 
during that time advances forward in the Eliptic; which is 220 degree 0 
To us ſhe appears through a teleſcope in all the various/ ſhapes. of the 
Moon. 

29. The Axis of venus is inclined 75 degrees to ichie Axis of het 
Orbit; which is 51 degrees more than our Earth's Axis is inclined to 
the Axis of the Ecliptic: and therefore the variation of her ſeaſons is 
much greater than of ours. The North Pole of her Axis inclines to- 
ward the aoth degree of Aquarius, our Earth's to the beginning of 
Cancer; and therefore the northern parts of Venus have e in 
the Signs where thoſe of our Earth have winter, and vic? vers." 

30. The “ artificial day at each Pole of Venus is as long as 1 12; Remarkable | 


% 


+ natural days on our Earth. ig l 

31. The Sun's greateſt Declinktion on each ** of ber Equatorier ® Tropics 

amounts to 75 degrees; en her 4 Tropics are only I 15 degrees Cle 2 
ſituated. 


* The time between the Sun's * and ſetting. 

+ One entire revolution, or 24 hours. 

t "Theſe are leſſer circles parallel to the Equator, and ; as many degrees Ne it, to- 
wal ds the Poles, as the Axis of the Planet is inclined to the Axis of it's Orbit. When 
the Sun is advanced ſo far north or ſouth of the Equator as to be directly over either 
Tropic, he goes no farther; but returns towards the other. | 

"= from 


10 


The Sun's 
daily Courſe. 


And great 
declination. 


To determine 


the points of 
the Compaſs 
at her Poles. 


Surpriſing ap-grees ; being then only 15 


earances at 


er Poles ; 


Of the Solar Syſtem. 
from her Poles; and her ® Polar Circles as far from her Equator. Con- 


ſequently, the Tropics of Venus are between her Polar Circles and her 


Poles ; contrary to what thoſe of our Earth are. 4 21 

32. As her annual Revolution contains only 9+ of her days, the 
Sun will always appear te go through a Sign, or twelfth Part of her 
Orbit, in little more that three quarters of her natural day, or nearly 


in 18+ of our days and nights. 


33. Becauſe her day is ſo great a part of her year, the Sun changes 
his Declination in one day ſo much, that if he paſſes vertically, or 
directly over head of any given place on the Tropic, the next day he 
will be 26 degrees from it: and whatever place he paſſes vertically 
over when in the Equator, one day's revolution will remove him 36- 
degrees from it. So that the Sun changes his Declination every day in 
Venus about 14 degrees more at a mean rate, than he does in a quarter 


of a year on our Earth. This appears to be 8 ordered, 


for preventing the too great effects of the Sun's heat (which is twice 
as great on Venus as on the Earth) ſo that he cannot ſhine'perpendi- 
cularly on the ſame places for two days together; and by that means, 
the heated places have time to cool. ien tuo 

34. If the inhabitants about the North Pole of Venus fix their South, 
or Meridian Line, through that part of the Heavens where the Sun 
comes to his greateſt Height, or North Declination, and call thoſe 
the Eaſt and Weſt points of their Horizon, which are go degrees on 
each fide from that point where the Horizon is cut by the Meridian 
Line, theſe inhabitants will have the following remarkables, 

The Sun will riſe 224 degrees + north of the Eaſt, and going on 
1124 degrees, as / meaſured on the plane of the f Horizon, he will 
croſs the Meridian at an altitude of 124 degrees; then making an 
entire revolution without ſetting, he will croſs it again at an altitude of 
48+ degrees; at the next revolution he will croſs the Meridian as he 
comes to his. greateſt height and declination, at the altitude of 75 de- 
degrees from the Zenith, or that point of 
the Heavens which is directly over head: and thence he will deſcend 
in the like ſpiral manner; croſſing the Meridian firſt at the altitude of 
48+ degrees; next at the altitude of 12+ degrees; and going on thence 
1125 degrees, he will ſet 22+ degrees north of the Weſt; fo that, after 


* Theſe are leſſer circles round the Poles, and as far from them as the Tropics are 
from the Equator. The Poles are the very north and ſouth points of the Planet. 

tA _— is a 360th part of any Circle. See F 21. ir | 

t The Limit of any inhabitant's view, where the Sky ſeems to touch the Planet 
all round him. | | 
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having been 47 revolutions above the Horizon, he deſcends below it 


to exhibit the like appearances at the South Pole. 

35. At each Pole, the Sun continues half a year Wut ing in 
ſummer, -and as long without riſing in winter; conſequently the polar 
inhabitants of Venus have only one day and one night in the year; as 
it is at the Poles of our Earth. But the difference between the heat of 
ſummer and cold of winter, or of mid-day and mid- night, on Venus, 
is much greater than on the Earth: becauſe in Venus, as the Sun is 
for half a year together above the Horizon of each Pole in its turn, 
ſo he is for a conſiderable part of that time near the Zenith; and 
during the other half of the year, always below the Horizon, and 
ſor a great part of that time at leaſt 70 degrees from it. Whereas, 
at the Poles of our Earth, although the Sun is for half a year together 
abovei the Horizon, yet he never aſcends above, nor defcends/below it, 
more than 23+ degrees. When the Sun is in the Equinoctial, or in that 
Circle which divides the northern half of the Heavens from the 
ſouthern, he is ſeen with one half of his Diſc above the Horizon of 
the North Pole, and the other half above the Horizon of the South 
Pole; ſo that his center is in the Horizon of both Poles: and then de- 
ſending below the Horizon of one, he aſcends gradually above that of 
the other. Hence, in a year, each Pole has one ſpring, one — 

a ſummer as long as them both, and a winter equal in length to the 
other three ſeaſons. 

36, At the Polar Circles of Venus, the ſeaſons are much the . as At her pojer 
at the Equator, becauſe there are only 1 5 degrees betwixt them, $ 31 "eat | 
only the winters are not quite ſo long, nor the ſummers fo ſhort: but 
the four ſeaſons come twice round every year. 

37. At Venus's Tropics, the Sun continues for 4 teen 'of our At her Tro- 
weeks together without ſetting in ſummer; and as lon 1 N 2 
in winter. Whilſt he is more than 15 degrees from the Equator, he 
neither riſes to the inhabitants of the one Tropic, nor ſets to thoſe of 
the other: whereas, at our terreſtrial Tropics he riſes and fets every 
day of the year. 

38. At Venus's Tropics, the Seaſons are much the ſame as at her 
Poles ; only the ſummers are a little longer, and the winters a little 


ſhorter. 
39. At her Equator, the days and nights are abwayih ofthe ſament her Equa- 


length; and yet the diurnal and nocturnal Arches are very different, tor. 


eſpecially when the Sun's declination is about the greateſt : for then, | 


his meridian altitude may ſometimes be twice as great as his midnight 


depreſſion, and at other times the reverſe. When the Sun is at 
CI greaeſt | 


Of the Solar Syſtem. 


greateſt Declination, either North or South, his rays are as oblique: at 
Venus's Equator, as they are at London on the ſhorteſt day of winter. 
Therefore, at her Equator there are two winters, two ſummers, two 
' ſprings, and two autumns every year. But becauſe the Sun ſtays for 
ome time near the Tropics, and paſſes ſo quickly over the' Equator, 
every winter there will be almoſt twice as long as ſummer: the four 

ſeaſons returning twice in that time, which conſiſts only of 94 days. 
40. Thoſe parts of Venus which lie between the Poles and Tropics, 
and between the Tropics and Polar Circles, and alſo: between the 
Polar Circles and Equator, partake more or leſs of the Phenomena of 

| theſe Circles, as they are more or leſs diſtant from them. 

Great diſfe- 41+ From the quick change of the Sun's declination it happens, 
rence of the that when he riſes due eaſt on any day, he will not ſet due weſt on that 
_—_— IK day, as with us; for if the 2 where he riſes due eaſt be on the 
and ſetting. Equator, he will ſet on that day almoſt weſt-north-weſt ; or about 18+ 
| degrees north of the weſt. But if the place be in 45 degrees north 
latitude, then on the day that the Sun riſes due caſt he will ſet north- 
weſt by weſt, or 33 degrees north of the weſt. And in 62 degrees 
north latitude when he riſes in the eaſt, he ſets not in that revolution, 
but juſt touches the Horizon 10 degrees to the weſt of the north point; 
and aſcends again, continuing for 34 revolutions above the. Horizon 
without ſetting. Therefore, no place has the forenoon and afternoon 
of the ſame day equally long, unleſs it be on the Equator or at the Poles. 
The leni. . The Sun's altitude at noon, or any other time of the day, and 
wm - pace his amplitude at riſing and ſetting, being ſo different at places on the 
in Venus, ſame parallels of latitude, according to the different longitudes of thoſe 
places, the longitude will be almoſt as eafily found on Venus as the 
latitude: is found on the Earth: which is an advantage we can never 
enjoy, | becauſe the daily change of the Sun's declination is by much too 
{mall for that purpoſe. at ian wi dt lied t an 
ler Equi- 43. On this Planet, wherever the Sun croſſes the Equator in any 
_— _ a year,” he will have g degrees of declination from that place on the ſame 
y forward day and hour next year; and will croſs the Equator go. degrees farther 
every year. to the weſt; which makes the time of the Equinox a quarter of a day 
(almoſt _ to fix of our days) later every year. Hence, although the 
ſpiral in which the Sun's motion is performed, be of the ſame ſort every 
year, yet it will not be the very ſame, becauſe, the Sun will not paſs 
vertically over the ſame; places till four annual revolutions are finiſhed. 
Every fourth © 44+ We may ſuppoſe: that the inhabitants of Venus will be careful 
year a leap- to add a day to ſome particular part of every fourth year; which will 


year t0VE"1-Leep the ſame ſeaſons to the ſame days, For, as the great annual 
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change of the Equinoxes and Solſtices ſhifts the ſeaſons a quarter of aPLATE I. 


day every year, they would be ſhifted through all the days of the year 
in "6 years. But by means of this intercalary day, every fourth year 
will be a leap- year; which will bring her time to an even reckoning, 
and keep her Calendar always right. | 


45. Venus's Orbit is inclined 34 degrees to the Earth's; and croſſes When the will 
it in the 14th degree of Gemini and of Sagittarius; and therefore 2 the 


when the Earth is about theſe points of the / Ecliptic at the time that 
Venus is in her inferiour conjunction, ſne will appear like a ſpot on the 
Sun, and afford a more certain method of finding the diſtances of all 
the Planets from the Sun than any other yet known. But theſe 
appearances happen very ſeldom; and will only be thrice | viſible. at 
London for three hundred years to come. The firſt time will be in 
the year 1761, June the öth, at 5 hours 35 minutes in the morning. 
The ſecond 1996, June the gth, at 2 hours 13 minutes in the after- 
noon.” And the third in the year 2004, June the 6th, at 7 hours 18 
minutes in the forenoon. Excepting ſuch Tranſits as theſe, ſhe ſhews the 
fame appearances to us regularly every eight years; her Conjunctions, 
Elongations, and Times of riſing and ſetting being very nearly the 
ſame, on the ſame days, as before. TH) [> | 


46. Venus may have a Satellite or Moon, although it be undiſ- Sade may have 
covered by us: which will not appear very ſurpriſing, if we conſider 4 al- 
ugh we 


how inconveniently ve are placed for ſeeing it. For it's enlightened fide cunnot fee it. 


can never be fully turned towards us but when Venus is beyond the 
Sun; and then, as Venus appears little bigger than an ordinary 
Star, her Moon may be too ſmall to be perceptible at ſuch a diſtance. 
When ſhe is between us and the Sun, her full Moon has it's dark 
ſide towards us; and then we cannot ſee it any more than we can our 
own Moon at the time of Change. When Venus is at her greateſt 
Elongation, we have but one half of the enlightened ſide of her Full 
Moon towards us; and even then it may be too far diſtant to be ſeen 
by us. But if ſhe has a Moon, it may certainly be ſeen with her upon 
the Sun, in the year 1761, unleſs it's Orbit be conſiderably inclined to 
the Ecliptic: for if it ſhould be in conjunction or oppoſition at that 
time, we can hardly imagine that it moves ſo flow; as to be hid by 
Venus all the fix hours that ſhe will: appear on the Sun's Diſe. 


47. The EARTH is the next Planet above Venus in the Syſtem. It The Earth. 
is 81 millions of miles from the Sun, and goes round him (as in the 
circle S) in 365 days 5 hours 49 minutes, from any Equinox or Sol- Fig. L. 
{tice to the ſame again: but from any fixed Star to the fame again, as 

2 


ſeen. 


14 | of the. Solar Syftem. 


It's diurnal ſeen em the Sun, in 365 days 6 hours and g minutes; the former 
and annul being the length of the Tropical year, and the latter the length of the, 
Sidereal. It travels at the rate of 58 thouſand miles every hour. which 
motion, though 120 times ſwifter than that of a cannon ball, is little 
more than half as ſwift as Mercury's motion in his Orbit. The Earth's 
diameter is 7970 miles; and by turning round it's Axis every 24 hours 
from Weſt to Eaſt, it cauſes an apparent diurnal motion of all the 
heavenly Bodies from Eaſt to Weſt. By this rapid motion of the Earth 
on it's Axis, the inhabitants about the Equator are carried 1042 miles 
every hour, whilſt thoſe on the — of London are carried only 
about 580, beſides the 58 thouſand miles by the annual motion above- 
mentioned, which is common to all places Whatever. 1 
Inclination of 48. The Earth's Axis makes an angle of 23 degrees with the Axis 
irs Axis. of it's Orbit; and keeps always the ſame oblique direction; War 
towards the ſame fixed Stars throughout it's annual courſe; whic 
cauſes the returns of ſpring, ſummer, autumn, and wants as will be 
explained at large in the tenth Chapter. 
A proof of it's 49. The Earth is round like a globe; as appears, 1. from it's traders 
being round. i Eclipſes of the Moon; which ſhadow is always bounded by a circular 
line $ 314. 2. From our ſeeing the maſts of a ſhip whilſt the hull is 
hid by the convexity of the water. 3. From it's having been failed 
round by many navigators. The hills take off no more from the round- 
neſs of the Earth in compariſon, than grains of duſt do from the round 
neſs of a common Globe. 2 
Its number 5. The ſeas and unknown parts of che Earth (by a — 
ain of the beſt Maps) contain 160 million 522 thouſand and 26 ſquare 
miles; the inhabited parts 36: million 990 thouſand 569: Europe 
4 million 456 thouſand and 65; Aſia 10 million 768 thouſand 8233 
Africa © million 654 — 9 — America 14 million 110 thouſand 
874. In all, 199 million 5 uſand 595; which is the number 
of ſquare miles'on the winds furfave of our Globe. 6 
The propor- ' 51, Dr. Loxo, in the firſt volume of his Adtonizxay, pag. 168, 
. I land mentions an ingenious and eafy method of finding nearly what pro- 
portion the > — to the ſea; which is, to take the papers of a 
Jar rge terreſtrial” globe, and after ſeparating: the land from the ſea with 
a pair of ſeiſſars, to weigh them carefully in ſcales. This ſuppoſes the 
globe to be exactly delineated, and the papers all of equal 1 ickneſs. 


This is not ſtrictly true, as will appear when we came to treat of the Receſſion 
of the EquinoQial Points in the Heavens F 246 ; which receſſion is equal to the devia- 
tion of the Earth's Axis from it's paralleliſm: but this is rather too ſmall to be ſenſible 
in an age, except to thoſe who make very nice obſervations. 


2 1 The 


Of the Solar Syſtem. 15 
The Doctor made the experiment on the papers of Mr. SRvRx's ſeventeen PLATE I. 


inch globe; and found that the ſea papers wei 349 grains, and the 


land only 124: by which it appears that almoſt three fourth parts of the 
ſarface of our Earth between the Polar Circles are covered with water, and 
that little more than one fourth is dry land. The Doctor omitted weighing 
all within the Polar Circles ; becauſe there is no certain ee of 
the land there, ſo as to know what proportion it bears to the ſea. 


45 The Moow | is not a Planet, but only a Satellite or Attendant of The Moon. 
the Earth, moving round the Earth from Change to Change in 29 days 
12 hours and 44 minutes; and going round the Sun with it every year. 
The Moon's diameter is 2 180 miles; and her diſtance from the Earth 
240 thouſand. She goes round her Orbit in 27 days 7 hours 43 minutes, 
moving about 2290 miles every hour; and turns round her Axis exactly 
in the time that ſhe goes round the Earth, which is the reaſon of her 
keeping always the fame ſide towards us, and that her uy and — 
taken together is as long as our lunar montn. HO. 
53. The Moon is an opaque Globe like the Earch, and ſhineonty 0 
by reflecting the light of the Sun : therefore whilſt that half” of her 


which is toward the Sun is enlightened, the other half muſt be darle 


and "inviſible. Hence, ſhe diſappears when ſhe comes between us and Her Phaſes. 
the Sun; ' becauſe her dark fide is then toward us. When ſhe is gone 
a little way forward, we ſee a little of her enlightened fide; which ſtin 
increaſes to our view, as ſhe advances forward, until ſhe*comes to be 
oppoſite to the Sun ; and then her whole 'enlightened' ſide is towards 
the Earth, and ſhe appears with a round, illumined Orb; whieh we 
call the Full Moon: her dark fide being then turned away from _ 
Earth. From the Full ſhe ſeems to decreaſe gradually as ſhe goes 
through the other half of her courſe; ſhewing us leſs and leſs us 
enlightened fide every day, till her next change or e with 


the Sun, and then ſhe diſappears as before. 


54. The continual changing of the Moon's phaſes or ſhapes demon- A proof that 
ſtrates that ſhe ſhines not by any light of her on: for if ſhe did, being by her un 
globular, we ſhould always ſee her with a round full Orb like the Sun. light. 

Her Orbit is repreſented i in the Scheme by the little circle n, upen the 


Earth's Orbit © : but it is drawn fifty times too large in proportion toFig. I. 


the Earth's; and yet is almoſt too ſmall to be ſeen in the Diagram. 


55. The Moon has ſcarce any difference of ſeaſons; her Axis being One half of 
almoſt | erpendicular to the Ecliptic. What is very ſingular, one halfen 2 wy 
of het has no darkneſs at all; the Earth conſtantl :fording it a ſtrong , 
light in the Sun's abſence ; while the other half has a fortnight's dark- 


neſs and a fortnight's light by turns. 56. Our 


|. Of the. Solar Sytem. 


Our Earth is 56. Our Earth is a Moon to the Moon, Waxing and waneing regu- 
her Mcon. lariy, but appearing thirteen times as big, and affording her thirteen 
times as much light, as ſhe does to us. When ſhe changes to us, the 
Earth appears full to her; and when ſhe is in her firſt quarter to us, 
the Earth is in it's third quarter to her; and vice ver. 
Fy . But from one half of the Moon, the Earth is never ſeen at all: 
from the middle of the other half, it is always ſeen over head; turning 
round almoſt thirty times as quick as the Moon does. From the line 
which limits our view of the Moon, or all round what we call her 
' edges, only one half of the Earth's fide next her is ſeen; the other 
e half being hid below the Horizon. To her, the Earth ſeems to be 
the biggeſt Body in the Univerſe; for it appears thirteen times as big 
as ſhe does to us. ie ä | 2 
58. The Moon has no ſuch Atmoſphere, or body of air ſurrounding 
her as we have: for if ſhe had, we could never ſee her edge ſo well 
deſined as it appears; but there would be a ſort of a miſt or hazineſs 
round her, which would make the Stars look fainter, wlien they were 
A Proof of ſeen through it. But obſervation proves, that the Stars which diſappear 
_the Moon's behind the Moon retain their full luſtre until they ſeem to touch her very 
moſphere; edge, and then yaniſh in a moment. This has been often obſerved by 
nomers, but particularly by CAss ix * of the Star y in the breaſt 
of Virgo, which appears ſingle and round to the bare eye; but through 
a refracting Teleſcope of 16 feet appears to be two Stars ſo near toge- 
ther, that the diſtance between them ſeems to be but equal to one of 
their apparent diameters. The Moon was obſerved to paſs over them 
on the 2 iſt of April 1720, N. S. and as her dark edge dre near to 
them, it cauſed no change in their colour or Situation. At 25 min. 
14 ſec. paſt 12 at night, the maſt weſterly of theſe Stars was hid 
by the dark edge of the Moon; and in 30 ſeconds afterward, the moſt 
eaſterly Star was hid: each of them diſappearing behind the Moon in 
an inſtant, without any preceding diminution of magnitude or bright- 
neſs; which by no means could have been the caſe if there were an 
Atmoſphere round the Moon; for then, one of the Stars falling obliquely 
intoit before the other, ought by refraction to have ſuffered ſome change 
in its colour, or in it's diſtance from the other Star which was not yet 
entered into the Atmoſphere. But no ſuch alteration could be perceived 
though the obſervation was pertormed with the utmoſt attention to that 
ticular; and was very proper to have made ſuch a diſcovery. The 
faint light, which has been ſeen all around the Moon, in total Eclipſes 
of the Sun, has been obſerved, during the time of darkneſs, to 


Memoirs d' Acad. ann. 1720. 
have 
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Of the Solar Cytem. _ 
have it's center coincident with the center of the Sun; and is/therefore 75.17 
much more likely to ariſe from the Atmoſphere of the Sun than from 5 


that of the Moon; for if it were the latter, it's center would have gone 


along with the Moons. 7 13, N | 
59. If there were ſeas in the Moon, ſhe could have no clouds, rains, Nor Seas. 


nor ſtorms as we have; becauſe ſhe has no ſuch Atmoſphere to ſup- 


port the vapours which occaſion, them. And every one knows, that 


when the Moon is above our Horizon in the night time, ſhe is viſible, 

unleſs the clouds of our Atmoſphere hide her from our view; and all 

parts of her appear conſtantly with the ſame clear, ſerene, and calm 
aſpect. But thoſe dark parts of the Moon, which were formerly thought She is full of 


caverns and 


to be ſeas, are now found to be only vaſt deep cavities, and places ho ad 


which reflect not the Sun's light ſo. ſtrongly as others, having many 
caverns and pits whoſe ſhadows fall within them, and are always dark 
on the ſides next the Sun; which demonſtrates their being hollow: 
and moſt of theſe pits have little knobs like hillocks ſtanding within 
them, and caſting ſhadows alſo; which cauſe theſe places to appear 
darker than others which have fewer, or leſs remarkable caverns. All 
theſe appearances ſhew that there are no ſeas in the Moon; for if there 
were any, their ſurfaces would appear ſmooth and even, like thoſe on 


the Earth. 


60. There being no Atmoſphere about the Moon, the Heavens in The Stars al, 
ways viſible to 


the day time have the appearance of night to a Lunarian who turns his 9 Nin 
back toward the Sun; and when he does, the Stars appear as bright ——_ 


to him as they do in the night to us. For, it is entirely owing to our 


Atmoſphere that the Heavens are bright about us in the dax. 
61. As the Earth turns round it's Axis, the ſeveral continents, ſeas, 
and iſlands appear to the Moon's inhabitants like ſo many ſpots of dif- 
ferent forms and brightneſs, moving over it's ſurface; but much fainter 
at ſome times than others, as our clouds cover them or leave them. 
By theſe ſpots the Lunarians can determine the time of the Earth's The Earth # 
diurnal motion, juſt as we do the motion of the Sun: and perhaps Nane the 
they meaſure their time by the motion of the Earth's ſpots ; for they 
cannot have a truer dial. | £4 7 
62. The Moon's Axis is fo nearly perpendicular to the Ecliptic, that 
the Sun never removes ſenſibly from her Equator : and the“ obliquity 
of her Orbit, which is next to nothing as ſeen from the Sun, cannot 
cauſe any ſenſible declination of the Sun from her Equator. Yet her 


- The Moon's Orbit croſſes the Ecliptic in two oppoſite points called the Moon's 
Nodes; ſo that one half of her Orbit is above the Ecliptic, and the other half below it. 


The Angle of it's Obliquity is 53 degrees, : 3" 
. D | inhabitants 
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PLATE I. 


How the Lu- 


narians may 
know the 
length of 
their year. 


And the lon- 
gitudes of 
their places, 


Of the Solar Syſtem. 


inhabitants are not deſtitute of means for determining the length of 


their year, though their method and ours muſt differ. For we can 
know the length of our year by the return of our Equinoxes ; but the 


Lunarians, having always equal day and night, muſt have recourſe to 
another method; and we may ſuppoſe, they meaſure their year by 


obſerving the Poles of our Earth; as one always begins to be en- 
lightened, and the other diſappears, at our Equinoxes; they being 
conveniently ſituated for obſerving great tracks of land about our Earth's 
Poles, which are entirely unknown to us. Hence we may conclude, 
that the year is of the ſame abſolute length both to the Earth and 
Moon, — very different as to the number of days: we having 
365 natural days, and the Lunarians only 12 7 every day and night 
in the Moon being as long as 29+ on the Earth. | 

63. The Moon's inhabitants on the fide next the Earth may as eaſily 
find the longitude of their places as we can find the latitude of ours. 
For the Earth keeping conſtantly, or very nearly fo, over one Meridian 
of the Moon, the eaſt or weſt diſtances of places from that Meridian 
are as eaſily found, as we can find our diſtance from the Equator by 
the Altitude of our celeſtial Poles. 


64. The Planet Mars is next in order, being the firſt . above the 


Earth's Orbit. His diſtance from the Sun is computed to be 123 mil- 
lions of miles ; and by travelling at the rate of 47 thouſand miles every 


hour, as in the circle , he goes round the Sun in 687 of our days and 


17 hours; which is the length of his year, and contains 6674 of his 


days ; every day and night together being 40 minutes longer than with 
us. His diameter is 4444 miles, and by his diurnal rotation the inha- 


- bitants about his Equator are carried 556 miles every hour. His 


- His Atmo- 
ſphere and 
haſes. 


quantity of light and heat is equal but to one half of ours; and the Sun 
but half as big to him as to us. . 

65. This Planet being but a fifth part ſo big as the Earth, if any 
Moon attends him, ſhe muſt be very ſmall, and has not yet been dif- 
covered by our beſt teleſcopes. He is of a. fiery red colour, and by 
his Appulſes to ſome of the fixed Stars, ſeems to be ſurrounded by a 
very groſs Atmoſphere. He appears ſometimes gibbous, but never 
horned ; which both ſhews that bis Orbit includes the Earth's within it, 
and that he ſhines not by his own light. 


66. To Mars, our Earth and Moon appear like two Moons, a bigger 


and a leſs; changing places with one another, and appearing ſometimes 
horned, ſometimes Ralf or three quarters illuminated, but never full; 
nor at moſt above a quarter of a degree from each other, although they 
ae 240 thouſand miles aſunderc 67. Our 
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Of the Solar Syſters. | 19 
' 67, Our Earth appears almoſt as big to Mars as Venus does to us, PLATE I. 
and at Mars it is never ſeen above 48 degrees from the Sun; ſometimes How the , 
it appears to paſs over the Diſc of the Sun, and ſo do Mercury and appear * 
Venus: but Mercury can never be ſeen from Mars by ſuch eyes as ours, Mars. 
unaſſiſted by proper inſtraments ; and Venus will be as ſeldom ſeen as 
we ſee Mercury. Jupiter and Saturn are as viſible to Mars as to uus. 
His Axis is perpendicular to. the Ectiptic, and his Orbit is 2 degrees 
inclihed to it. | TED | | 19991 EY Be 


68. JuP1TER, the biggeſt of all the Planets, is ſtill higher in the Jupiter. 

Syſtem, being about 424 millions of miles from the Sun: and going 

at the rate of 25 thouſand miles every hour in his Orbit, as in the 

circle I, finiſhes his annual period in eleven of our years 3 14 days ig. 1. 

and 18 hours. He is above 1000 times as big as the Earth, for his 

diameter is 81,000 miles; which is more than ten times the diameter : 

of the Earth. _.. TAR Fvi 

69. Jupiter turns round his Axis im ꝙ hours 56 minutes; fo that his The number 

year contains ro thouſand 464 days; and the diurnal velocity of his of 91s in tus 

equatoreal parts is greater than the fwiftneſs with which he moves in 

his annual Orbit; a ſingular circumſtance, as far as we know. By this 

prodigious quick Rotation, his equatoreal inhabitants are carried 25 

thouſand 920 miles every hour (which is 920 miles an hour more than 

1 an inhabitant of our Earth moves in twenty-four hours) beſides the 

4 2 5 thouſand above-mentioned, which is common to all parts of His fur- 

7x face, by his annual: motion. | ei et 

; 70. Jupiter is ſurrounded by faint ſubſtances, called Belfs, in which His Belts and 

| fo many changes appear, that they are generally thought to be clouds: {pots 
for ſome of them have been firſt interrupted and broken, and then have 
vaniſhed entirely. They have ſometimes been obſerved of different 
breadths, and afterwards have all become nearly of the ſame breadth. 
Large ſpots have been ſeen in theſe Belts; and when a Belt vaiiiſhes, 
the contiguous ſpots diſappear with it. The broken ends of ſome Belts 
have been generally obſerved to revolve in the ſame time with the ſpots; 
only thoſe nearer the Equator in ſomewhat leſs time than thoſe near 
the Poles; perhaps on account of the Sun's greater heat near the 
Equator, which is parallel to the Belts and courſe of the ſpots. Several 
large ſpots, which appear round at one time, grow oblong by degrees, 
and then divide into two or three round ſpots. The periodical time ß 
the ſpots near the Equator is ꝙ hours 50 minutes, hut of thoſe near the 

Poles 9 hours 56 minutes. See Dr. SMrTH's Optics, & Took & fe. 


D 2 71. The 


* 


20 Of the Solar Syſtem. 


He has no. 71. The Axis of Jupiter is ſo nearly perpendicular to his Orbit, that 
change of he has no ſenſible change of ſeaſons; which is a great advantage, and 
9 wiſely ordered by the Author of Nature. For, if the Axis of this 
Planet were inclined any conſiderable number of degrees, juſt ſo many 
degrees round each Pole would in their turn be almoſt ſix of our years 
together in darkneſs. And, as each degree of a great Circle on Jupiter 
contains 706 of our miles at a mean rate, it is eaſy to judge what vaſt 
tracts of land would be rendered uninhabitable by any conſiderable in- 


clination of his Axis. | 
But has four 72. The Suh appears but ar part fo big to Jupiter as to us; and his 


Moons. light and heat are in the ſame ſmall proportion, but compenſated by 
the quick returns thereof, and by four Moons (ſome bigger and ſome 
leſs dan our Earth) which revolve about him: ſo that there is ſcarce 
any part of this huge Planet but what is during the whole night en- 
lightened by one or more of theſe Moons, except his Poles, whence 
only the fartheſt Moons can be ſeen, and where their light is not 
wanted, becauſe the Sun conſtantly circulates in or near the Horizon, 
and is very probably kept in view of both Poles by the Refraction of 
Jupiter's Atmoſphere, which, if it be like ours, has certainly refractive 
power enough for that purpoſe. P... | E ef 

Their periods 73. The Orbits of theſe Moons are repreſented in the Scheme of 

round Jupiter. the Solar Syſtem by four ſmall circles marked 1. 2. 3. 4 on Jupiter's 
Orbit Y; but are drawn fifty times too large in proportion to it. The 
firſt Moon, or that neareſt to Jupiter, goes round him in 1 day 18 
hours and 36 minutes of our time; and is 229 thouſand miles diſtant 
from his center: The ſecond performs it's revolution in three days 
13 hours and 15 minutes, at 364 thouſand: miles diſtance ; The third 
in 7 days three hours and 59 minutes, at the diſtance of 580 thouſand 
miles: And the fourth, or outermoſt, in 16 days 18 hours and 30 
minutes, at the diſtance of one million of miles from his center. 

Their grand The Periods of theſe Moons are fo incommenſurate to one another, 

period. that if ever they were all in a right line between Jupiter and the Sun, 
it will require more than 3, ooo, ooo, ooo, ooo years from that time 
to bring them all into the ſame right line again, as any one will find 
who reduces all their periods into ſeconds, then multiplies them into one 
another, and divides the product by 432; which is x higheſt number 


that will divide the product of all their periodical times, namely 

42,085,303,376,931,994,955,904 ſeconds, without a remainder. 
Parallax of 74. The Angles under which the Orbits of Jupiter's Moons are ſeen 
mer bit from the Earth, at it's mean diſtance. from Jupiter, are as follow: 


and diſtances 


from Jupiter, The firſt, 3* 55"; the ſecond, 6' 14”; the third, 9 58”; and the 


fourth, 
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fourth, 17 300“. And their diſtances, from Jupiter, eehte PLATE I. 
ſemidiameters, are thus: The firſt, 5 3 the ſecond, 93 the third, TOS 
1425; and the fourth, 2523. This Planet, ſeen from it's neareſtHow he a 
us; waxing pears to his 


bl 4 
i . our does to 
Moon, appears, 1000 times as large as qur Moon 0 — - 


and waneing in all her · monthly ſhapes, every 42+ hours. 
5. Jupiter's three neareſt Moons fall into his ſhadow, and are Two grand 


elle in every Revolution: but the Orbit of the fourth Moon is fo note 

much inclined, that it paſſeth oy Jupiter, without falling into his Eclipſe od on, 

ſhadow, two years in every ſix. By theſe Eclipſes, Aſtronomers have Jupiter's 

not only diſcovered that the Sun's light comes to us in eight minutes; ons. 

but have alſo determined the longitudes of places on this Earth "with 

greater certainty and facility than by any other method yet known; 

as ſhall be explained in the eleventh Chapter. 1 
76. The difference between the Equatoreal and Polar diameters of The great dif- 

Jupiter is 62 30 miles; for his equatoreal diameter is to his polar as 1 3 ference be- 

to 12. So that his Poles, are 3115 miles nearer his center than his — oo 

Equator is. This reſults from his quick motion round his Axis; for and Polar dia- 

the fluids, together with the light particles, which they can carry Or jupiter 5 

waſh away with them, recede from the Poles which are at reſt, towards 

the Equator where the motion is quickeſt, until there be a ſufficient 

number accumulated to make up the deficiency of grayity occaſioned 

by the centrifugal force, which always ariſes from a quick motion round 

an axis: and when the weight is made up ſo, as that all parts. of the 

ſurface preſs equally heavy toward the center, there is an equilibrium, an 

the equatoreal parts riſe no higher. Our, Earth being but a very ſmall The age. 

Planet, compared to Jupiter, and it's. motion on it's Axis being muchrence little in 


ſlower, it is leſs flattened of courſe ; for the difference between 56's thoſe of our 


Earth. 


equatoreal and polar diameters is only as 2309, to 229, or, 35 miles. 


77. Jupiter's Orbit is 1 degree 20 minutes inclined to the Eel tC! Place of his 
His North Node is in the 7th degree of Cancer, and his South P ode Nodes. 
in the. yeh. dearen- of e Ä PP En 
F | . Ti 54441 | 


78. SATURN, the remoteſt of all the Planets, is about 777 millions Saturn. 

of miles from the Sun; and, travelling at the rate of 18 thouſand miles 

every hour, as in the circle marked E, performs his annual circuit if pig. I. 

29 years 167 days and 5 hours of our time; which makes only one 

year to that Planet. His diameter is 67, ooo miles; and therefore he is 

near 600 times as big as the Eartn aber „ bre 
79. He is ſurrounded by a thin broad Ring, as an artificial Globe is Fig. v. 

by its Horizon. This Ring appears double ak ſeen through a good His Ring. 
FP „ CassixI Elements d Aftronomit, Liv. ix. Chaps 3. 


I ' teleſcope; 
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PLATE I. teleſcope, and is repreſented by the figure in fach an oblique view as it 


Miz hve 
Moons. 


Fig. I. 


is generally feen. It is inclined 30 degrees to the Ecliptic, and is 
about 21 thouſand miles in breadth ; which is equal to it's diſtance from 
Saturn on all ſides. There is reaſon to believe that the Ring turns 
round it's Axis, becauſe, when it is almoſt edge-wiſe to us, it appears 
ſomewhat thicker on one fide of the Planet than on the other; and 


the thickeſt edge has been ſeen on different fides at different times. But 


Saturn having no viſible ſpots on his body, whereby to determine the 
time of his turning round his Axis, the length of his days and nights, 
and the poſition of his Axis, are unknown to us. | 
80. To Saturn, the Sun appears only th part fo big as to us; 
and the light and heat he receives from the Sun are in the fame pro- 
rtion to ours. But to compenfate for the ſmall quantity of fun-hght, 
e has five Moons, all going round him on the outfide of his Ring, 
and nearly in the ſame plane with it. The firſt, or neareſt Moon to 
Saturn, goes. round him in 1 day 21 hours 19 minutes; and is 140 
thouſand miles from his center: The fecond, in two days 17 hours 
40 minutes; at the diſtance of 187 thouſand miles: The third, in 4 
days 12 hours 25 minutes; at 263 thoufand miles diſtance: The fourth, 
in 15 days 22 hours 41 minutes; at the diſtance of 600 thouſand 
miles: And the fifth, or outermoſt, at one million 800 thouſand miles 
from Saturn's center, goes round him in 79 days 7 hours 48 minutes. 
Their Orbits in the Scheme of the Solar Syſtem are repreſented by 
the five ſmall circles, marked 1. 2. 3. 4. 5 on Saturn's Orbit; but theſe, 
like the Orbits of the other Satellites, are drawn fifty times too large 
in proportion to the Orbits of their Primary Planets. 

1. The Sun ſhines almoſt fifteen of our years together on one fide 
of Saturn's Ring without ſetting, and as long on the other in it's 
turn, So that the Ring is viſible to the inhabitants of that Planet for 
almoſt fifteen of our years, and as long inviſible by turns, if it's 


His Axis pro- Axis has no Inclination to it's Ring : but if the Axis of the Planet be 


bably inclined * 
to his Ring. 


inclined to the Ring, ſuppoſe about 30 degrees, the Ring will appear 
and diſappear once every natural day to all the inhabitants within 30 
degrees of the Equator, on both ſides, frequently eclipſing the Sun in 
a Saturnian day. Moreover, if Saturn's Axis be fo' inclined to his 
Ring, it is perpendicular to his Orbit; and thereby the inconvenience 
of different ſeaſons to that Planet is avoided. For conſidering the 
length. of Saturn's year, which is almoſt equal to thirty of ours, what 
a dreadful condition. muſt the inhabitants of his Polar regions be in, 
if they be half of that time deprived of the light and heat of the Sun ? 
which muſt not be their caſe alone, if the Axis of the Planet be per- 
I pendicular 
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pendicular to the Ring, but alſo the Ring muſt hide the Sun from vai 
tracks of land on each fide of the-Equator for 13 or 14 of out years 
together, on the ſouth fide and north fide by turns, as the Axis in- 
clines to or from the Sun: the reverſe of which inconvenience is an- 
other good preſumptive proof of the Inclination of Saturns Axis to 
it's Ring, and alſo of his Axis being perpendicular to his Orbit. 

82. This Ring, ſeen from Saturn, appeats like a vaſt laminous Arch How theRing 
in the Heavens, as if it did not belong to the Planet. When, we ſee un and wn 
the Ring moſt open, it's ſhadow upon the Planet is broadeſt 3 and from 
that time the ſhadow grows narrower, as the Ring appears to do to us; 
until, by Saturn's annual motion, the Sun comes to the plane of the 


Ring, or even with it's edge; which being then directed towards us, 


becomes inviſible on account of it's thinneſs; as ſhall be explained more In what Signs 
largely in the tenth Chapter, and illuſtrated by a figure. The Ring peans 10 eie 
diſappears twice in every annual Revolution of Saturn, namely, when he his Ring; and 
is in the 19th degree both of Piſces and of Virgo. And when Saturn in what Signs 
is in the middle between theſe: points, or in the 19th degree either of mo open to 
Gemini or of Sagittarius, his Ring appears moſt open to us; and then us. 
it's —_— diameter is to it's ſhorteſt as ꝙ to 4. v7 28104 

83. To ſuch eyes as ours, unaſſiſted by inſtruments, Jupiter is the No Planet bat 
only Planet that can be ſeen from Saturn; and Saturn the only Planet dan gn be 
that can be ſeen from Jupiter. So that the inhabitants of theſe two — —_ 
Planets muſt either fee much farther than we do, or have equally, good any from Ju- 
inſtruments to carry their ſight to remote objects, if they know thas pier Oefides 
there is ſuch a body as our Earth in the Univerſe: for the Earth is no 
bigger ſeen from Jupiter than his Moons are ſeen from the Earth; and 
if his large body had not firſt attracted our ſight, and prompted our 


_ curiofity to view him with the teleſcope, we ſhould never have known 


any thing of his Moons; untefs by chance we had directed the teleſcope 
toward that ſmall part of the Heavens where they were at the time of 
obſervation. And the like is true of the Moons of Saturn. | | 

84. The Orbit of Saturn is 2% degrees inclined to the Ecliptic, or Place of Sa- 
Orbit of our Earth, and interſects it in the 2 iſt degree of Cancer and turns Nodes. 
of Capricorn; ſo that Saturn's Nodes are only 14 degrees from Jupi- 
ter's, § 77. he? | 

85. The quantity of light, afforded: by the Sun of Jupiter, being The Sun's 
but th part, and to Saturn only th part, of what we enjoy; may _ RR | 
at firſt thought induce us to believe that theſe two Planets are entirely — and 
unfit for rational beings to dwell upon. But, that their light is not ſo — bs 
weak as we imagine, is evident from their brightneſs in the night- bceved. 
time; and alſo, that when the Sun is ſo much eclipſed to us as to have 


only 
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ofly'the 4 oth part of his Diſc left uncovered-by the Moon, the decreaſe 
af light is nat very ſenſible : and juſt at the end of darkneſs in Total 
Eelipſes, when his weſtern limb begins to be viſible, and ſeems no 
bigger than a bit of fine ſilver wire, 1 is ſurpriſed at the bright- 
neſs wherewith that ſmall part of him ſhines. © The Moon when Full 
affords travellers light enough to keep them from miſtaking their way; 
and yet, according to Dr. SMITH &, it is equal: to no more than a 90 
thouſandth part of the light of the Sun: that is, the Sun's light is go 
thouſand times as ſtrong as the light of the Moon when Full. Con- 
ſequently, the Sun gives a thouſand times as much light to Saturn as 
the Full Moon does to us; and above three thouſand times as much 
to Jupiter. So that theſe two Planets, even without any Moons, 
would be much more enlightened than we at firſt imagine; and by 
having ſo many, they may be very comfortable places of reſidence. 
Their heat, ſo far as it depends on the force of the Sun's rays, is cer- 
tainly much leſs than ours; to which no doubt the bodies of their 
inhabitants are as well adapted as ours are to the ſeaſons we enjoy. 
And if we conſider, that Jupiter never has any winter, even at his 
Poles; which probably is alſo the caſe with Saturn, the cold cannot 
All our heat be ſo intenſe on theſe two Planets as is generally imagined. Beſides, 
88 there may be ſomething in their nature or foil much warmer than in 
that of our Earth: and we find that all our heat depends not on the 


rays. 
rays of the Sun; for if it did, we ſhould always have the ſame months 
equally hot or cold at their annual returns. But it is far otherwiſe, for 
February-is ſometimes warmer than May; which muſt be owing to 
vapours and exhalations from the Earth. - | | 
86. Every perſon who looks upon, and compares the Syſtems of 
Moons together, which belong to Jupiter and Saturn,' muſt be amazed 
at the vaſt magnitude of theſe two Planets, and the noble attendance 
they have in reſpect of our little Earth: and can never bring himſelf to 
think, that an infinitely wiſe Creator ſhould diſpoſe of all his animals 
and vegetables here, Jeaving the other Planets bare and deſtitute of ; 
It is highly rational creatures. To ſuppoſe. that he had any view to our Benefit, 9 
be Pla. in creating theſe Moons and giving them their motions round Jupiter 4 
nets are inha-and Saturn; to imagine that he intended theſe vaſt Bodies for any ad- 1 
bited. vantage to us, when he well knew that they could never be ſeen but 7 
by a few Aſtronomers —_ through teleſcopes ; and that he gave to 1 
the Planets regular teturns of days and nights, and different ſeaſons to 3 
all where they would be convenient; but of no manner of ſervice to us, J 
att en ee e $9 4439 112 opties, Art. 95. 5 af 
| | TO except x 
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except only what rep regards our own Planet the Earth; toPLATE I. 
imagine, I ſay, that he did all this on our account, would be charging 
him impiouſly with having done much in vain: and as abſurd, as to 
imagine that he has created a little Sun and a Planetary Syſtem within 
the ſhell of our Earth, and intended them for our uſe. Theſe con- 
ſiderations amount to little leſs than a poſitive proof that all the Planets 
are inhabited : for if they are not, why all this care in furniſhing them 
with ſo many Moons, to ſupply thoſe with light which are at the greater 
diſtances from the Sun? Do we not ſee. that the farther a Planet is 
from the Sun, the greater Apparatus it has for that purpoſe? fave only 
Mars, which being but a ſmall Planet, may have Moons too ſmall to be 
ſeen by us. We know that the Earth goes round the Sun, and turns 
round it's own Axis, to produce the viciſſitudes of ſummer and winter by 
the former, and of day and night by the latter motion, for the benefit 
of its inhabitants. May we not then fairly conclude, by parity of reaſon, 
that the end and deſign of all the other Planets is the ſame ? and is not 
this agfeeable to that beautiful harmony which reigns over the Uni- 
verſe? Surely it is: and raiſes in us the moſt magnificent ideas of the 
SUPREME BEING, who is every where, and at all times preſent; 
diſplaying his power, wiſdom, and goodneſs among all his creatures 
and diſtributing happineſs to innumerable ranks of various beings ! 


87. In Fig. ad, we have a view of the proportional breadth of the Fig. II. 


Sun's face or diſc, as ſeen from the different Planets. The Sun is How the Sun 
ars to the 


repreſented Ne 1, as ſeen from Mercury; No 2, as feen from Venus; {Ren 
Ne 3, as ſeen from the Earth; Ne 4, as ſeen from Mars; Ne 5, as Planets. 


ſeen from Jupiter; and Ne 6, as ſeen from Saturn. 
Let the circle B be the Sun as ſeen from any Planet, at a given Fig. III. 


diſtance; to another Planet, at double that diſtance, the Sun will appear 


juſt of half that breadth, as 4; which contains only one fourth part 
of the area or ſurface of B. For, all circles, as well as ſquare ſurfaces, 
are to one another as the ſquares of their diameters. Thus, the ſquare pig. ry. 
A is juſt half as broad as the ſquare B; and yet it is plain to ſight, that 
B contains four times as much ſurface as 4. Hence, in round numbers, 
the Sun appears 7 times larger to Mercury than to us, go times larger 
to us than to Saturn, and 630 times as large to Mercury as to Saturn. 
88. In Fig. 5th, we have a view of the bulks of the Planets in pro- Fig. v. 
portion to each other, and to a ſuppoſed globe of two foot diameter for 
the Sun, The Earth is 27 times as big as Mercury, very little bigger ?roportional 
than Venus, 5 times as big as Mars; but Jupiter is 1049 times as big oe an of 


as the Earth, Saturn 586 times as big, excluſive.of his Ring; and the the Planes, 
| Sun 
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PLATE I. Sun is 877 thouſand 650 times as big as the Earth. If the Planets in 
this Figure were ſet at their due diſtances from a Sun of two feet diameter, 
according to their proportional bulks, as in our Syſtem, Mercury would 
be 28 yards from the Sun's center; Venus 51 yards 1 foot; the Earth 
70 yards 2 feet; Mars 107 yards 2 feet; Jupiter 370 yards 2 feet ; 
and Saturn 760 yards two feet. The Comet of the year 1680, at it's 

rcateſt diſtance, 10 thouſand 760 yards. In this proportion, the 
Moon's diſtance from the center of the Earth would be only 7+ inches. 

An idea of 89. To aſſiſt the imagination in conceiving an idea of the vaſt diſtances 

their dif- of the Sun, Planets, and Stars, let us ſuppoſe, that a body projected 

ME from the Sun ſhould continue to fly with the ſwiftneſs of a cannon ball; 
7. e. 480 miles every hour; this body would reach the Orbit of Mer- 
cury, in 7 years 221 days; of Venus, in 14 years 8 days; of the 
Earth, in 19 years 91 days; of Mars, in 29 years 85 days; of Jupiter, 
in 100 years 280 days; of Saturn, in 184. years 240 days; to the 
Comet of 1680, at it's greateſt diſtance from the Sun, in 2660 years ; 
and to the neareſt fixed Stars in about 7 million 600 thouſand years. 

go. As the Earth is not the center of the Orbits in which the Planets 
move, they come nearer to it and go farther from it and at different 

Why the Pla- times; on which account they appear bigger and leſs by turns. Hence, 

bigger and the apparent magnitudes of the Planets are not always a certain rule to 

leſs ot dif. know them by. | | 
ferent times. 91. Under Fig. 3, are the names and characters of the twelve Signs 
of the Zodiac, which the Reader ſhould be perfectly well acquainted 

7 with; ſo as to know the characters without ſeeing the names. Every 

Fig. I. Sign contains 30 degrees, as in the Circle bounding the Solar Syſtem ; 
to which the characters of the Signs are ſet in their proper places. 


The Comets. 92. The Cours are ſolid opaque bodies, with long tranſparent 
trains or tails, iſſuing from that ſide which is turned away from the Sun. 
They move about the Sun, in very excentric ellipſes; and are of a much 

reater denſity than the Earth ; for ſome of them are heated in every 
Period to ſuch a degree, as would vitrify or diſſipate any ſubſtance 
known to us. Sir Isaac NRW TON computed the heat of the Comet 
which appeared in the year 1680, when neareſt the Sun, to be 2000 
times hotter than red-hot iron, and that being thus heated, it muſt 
retain it's heat untill it comes round again, although it's Period ſhould 
be more than twenty thouſand years; and it is computed to be only 575. 
The method of computing the heat of bodies, keeping at any known 
diſtance from the Sun, ſo far as their heat depends on the force of the 

Sun's rays, is very eaſy; and ſhall be explained in the eighth Chapter. 
1 | 93. Part 
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93. Part of the Paths of three Comets are delineated in the Scheme PLATE I. 
of the Solar Syſtem, and the years marked in which they made their Fig. I. 
appearance. It is believed, that there are at leaſt 21 Comets gil +) They prove 


to our Syſtem, moving in all ſorts of directions: and all thoſe which haf 


have been obſerved, have moved through the ethereal Regions and Planets are 
the Orbits of the Planets without ſuffering the leaſt ſenſible reſiſtance not ſolid. 
in their motions ; which plainly proves that the Planets do not move in 

ſolid Orbs. Of all the Comets, the Periods of the above-mentioned, 

three only are known with any degree of certainty. The firſt of theſe 

Comets appeared in the years 1531, 1607, and 1682; and is ex- The Periods 
pected to appear again in the year i758, and every 75th year aſter- 27) of tree 
wards. The ſecond of them appeared in 1532 and 166 1, and may be 

expected to return in 1789 and every 129th year afterwards. The 

third, having laſt appeared in 1680, and it's Period being no leſs than 

1 575 years, cannot return until the year 222 5. This Comet, at it's 

W | guy diſtance, is about 11 thouſand two hundred millions of miles 

: rom the Sun; and at it's leaſt diſtance from the Sun's center, which 

is 490,000 miles, is within leſs than a third part of the Sun's ſemi- 


2 diameter from his ſurface. In that part of it's Orbit which is neareſt 

1 the Sun, it flies with the amazing ſwiftneſs of 880,000 miles in an 

1 hour; and the Sun, as ſeen from it, appears an hundred degrees in 

9 breadth; conſequently, 40 thouſand times as large as he appears to us. 

9 The aſtoniſhing length that this Comet runs out into — Space, Th e 
1 ſuggeſts to our minds an idea of the vaſt diſtance between the Sun and be at immenſe 
bi the neareſt fixed Stars; of whoſe Attractions all the Comets muſt keep diſtances. 
7 clear, to return periodically, and 7 round the Sun; and it ſhews us 

1 alſo, that the neareſt Stars, which are probably thoſe that ſeem the 

1 largeſt, are as big as our Sun, and of the ſame nature with him; other- 


wiſe, they could not appear ſo large and bright to us as they do at ſuch 
an immenſe diſtance. 
94. The extreme heat, the denſe atmoſphere, the groſs vapours, Inference, 
the chaotic ſtate of the Comets, ſeem at firſt figh> to indicate them nous "_ 
altogether unfit for the purpoſes of animal life, and a moſt miſerable phenomena. 
habitation for rational beings : and therefore * ſome are of opinion that 
they are ſo many hells for tormenting the damned with perpetual viciſ- 
A ſitudes of heat and cold. But, when we conſider, on the other hand, 
2 the infinite power and goodneſs of the Deity ; the latter inclining, and 
4A the former enabling him to make creatures ſuited to all ſtates and cir- 
1 cumſtances; that matter exiſts only for the ſake of intelligence; and 
that wherever we find it, we always find it pregnant with life, or 
* Mr, WH1sToON, in his Aſtronomical Principles of Religion. 


E 2 neceſſarily 
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neceſſarily ſubfervient thereto ; the numberleſs ſpecies, the aſtoniſhing 
diverſity of animals in earth, air, water, and even on other animals; 
every blade of graſs, every tender leaf. every natural Huid, ſwarming 
with life; and every one of theſe enjoying ſuch gratifications as the 
nature and ſtate of each requires: when we reflect moreover that ſome 
centuries ago, till experience uudeceived us, a great part of the Earth 
was Ted uninhabitable ; the Torrid Zone by reaſon of exceflive 
heat, and the two Frigid Zones becauſe of their intollerable cold; 
it ſeems highly probable, that ſuch numerous and large maſſes of durable 
matter as the Comets are, however unlike they be to our Earth, are 
not deſtitute of beings capable of contemplating with wonder, and 
acknowledging with gratitude the wiſdom, ſymmetry, and beauty of 
the Creation; which is more plainly to be obſerved in their extenſive 
Tour through the Heavens, than in our more confined Circuit. If 
farther conjecture is permitted, may we not ſuppoſe them inſtrumental 

in recruiting the expended fuel of the Sun; and ſupplying the exhauſted: 4 
moiſture of the Planets? However difficult it may be, circumſtanced 9 
as we are, to find out their particular deſtination, this is an undoubted 1 
truth, that wherever the Deity exerts his power, there he alſo, 
manifeſts his wiſdom and goodneſs. | LR os | 


— — 1 | 


— C——— ww kW. 


ä i —— 


This Syſtem 95. THE SOLAR SYSTEM here, deſcribed is not a latg: | 
very gon invention; for it was known and taught by the wiſe Samian philoſopher 
ſrrable. PYTHAGORAS, » and others among the ancients ; but in latter times. 
was loſt, till the 15th century, when it was again reſtored. by the 
famous Poliſi philoſopher NicuoLaus CoPeRNICUs, who was born 
at Thorn in the year 1473. In this, he was followed by the- greateſt 1 
5 mathematicians and philoſophers that have ſince lived; as KEPLIEK , 
1 GALILEo, DrscakxrEs, GassEnDUus, and Sir Isaac' NREwW To; 
the laſt of whom has eſtabliſhed this Syſtem on ſuch an everlaſting 
foundation of mathematical and phyſical demonſtration, as can never 
be ſhaken: and none who underſtand him can heſitate about it. 
The Ptote- 96, In the Prolemean Syſtem the Earth was ſuppoſed to be fixed in: 
nan tem the Center of the Univerſe; and that the Moon, Mercury, Venus, 
the Sun, Mars, Jupiter, and Saturn moved round the Earth: above 
the Planets, this Hypotheſis placed the Firmament of Stars, and then 
* the two Cryſtalline. Spheres; all which were included in and received 
motion from the Primum Mobile, which conſtantly revolved about 
| the Earth in 24 hours, from Eaſt to Weſt. But as this rude Scheme: 
was found incapable to ſtand the teſt of art and obſervation, it was ſoon. 
rejected by all true philoſophers ; notwithſtanding the oppoſition and 
violence of blind and zealous bigots 97. The 
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97. The Tychonic Syſtem ſucceeded the Ptolemean, bat was never ſo The v4 
nerally received. In this the Earth was ſuppoſed to ſtand ſtill in the — — 


. of the Univerſe or Firmament of Stars, and the Sun to revolve and 
about it every 24 hours; the Planets, Mercury, Venus, Mars, * 
and Saturn, going round the Sun in the times already mentioned. But 
ſome of Tvcho's diſciples ſyppofed the Earth to have a diurnal motion 
round it's Axis, and the Sun with all the above Planets to go round the 
Earth in a year; the Planets moving round the Sun in the foreſaid 
times. This hypothefis, being partly true and partly falſe, was em- 
braced by few; and ſoon gave way to the only true and rational Syſtem, 
reſtored by CoPERNICUs and demonſtrated by Sir IsA AC NEWTON. 
98. To bring the foregoing particulars at once in view, with ſeveral 
others which follow, concerning the Periods, Diſtances, Bulks, &c. 
of the Planets, the following Table is mſerted;- - -- - | 
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The COPERNICAN SYSTEM demonſtrated to be true. 


99- M ATTER is of itſelf inactive, and indifferent to motion or Of aner ad 
reſt, A body at reſt can never put itſelf in motion; a body ẽj 


in motion can never ſtop nor move ſlower of itſelf. Hence, when we 
ſee a body in motion we conclude fome other ſubſtance muſt have 
given it that motion; when we ſee a body fall from motion to reſt we 
conclude ſome other body or cauſe ſtopt it. | 

100. All motion is naturally rectilineal. A bullet thrown by the 
hand, or diſcharged from a cannon would continue to move in the 
ſame direction it received at firſt, if no other power diverted its courſe. 
Therefore, when we ſee a body moving in a curve of whatever kind, 
we conclude it muſt be acted upon by two powers at leaſt: one to put 
it in motion, and another drawing it off from the rectilineal courſe 
which it would otherwiſe have continued to move in. 


101. The power by which bodies fall towards the Earth is called Gravity de- 


Gravity or Attraction. By this power in the Earth it is, that all bodies, 
on whatever ſide, fall in lines perpendicular to it's ſurface. On oppo- 
ſite parts of the Earth bodies fall in oppoſite directions, all towards the 
centre where the force of gravity is at it were accumulated. By this 
power conſtantly acting on bodies near the Earth they are kept from 
leaving it altogether; and thoſe on its ſurface are kept thereto on all 
ſides, fo that they cannot fall from it. Bodies thrown with any obli- 

uity are drawn by this power from a ſtraight line into a curve, until 
they fall to the Ground: the greater the force by which they are 
thrown, the greater is the diſtance they are carried before they fall. 
If we ſuppoſe a body carried ſeveral miles above the Earth, and there 
Ms. in an horizontal direction, with ſo great a velocity that it 
would move more than a ſemidiameter of the Earth, in the time it 
would take to fall to the Earth by gravity; in that caſe, if there were 
no reſiſting medium in the way, the body would not fall to the Earth 


at all; but continue to circulate round the Earth, keeping always the 


ſame path, and returning to the point from whence it was projected, 
with the ſame velocity as at firſt. | 


102. We find the Moon moves round the Earth in an Orbit nearly projectile 


circular. The Moon therefore muſt be acted on by two powers or — demon- 
Able. 


forces; one which would cauſe her to move in a right line, another 
| bending, 
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bending her motion from that line into a curve. This attractive power 
muſt be ſeated in the. Earth; for there is no other body within the 
Moon's Orbit to draw her. The attractive power of the Earth there- 
fore extends to the Moon; and, in combination with her projectile force, 
cauſes her to move round the Earth in the ſame manner as the circu- 
lating body above ſuppoſed. 5 
The Sun and 109 The Moons of Jupiter and Saturn are obſerved to move round 
Planetsattra®t their piimary Planets: therefore there is ſuch a power as gravity in 
each other. theſe Planets. All the Planets move round the Sun, and reſpect it for 
ntre of motion: therefore the Sun muſt be endowed with at- 
tracting force, as well as the Earth and Planets. | The like may be 
proved of the Comets. So that all the bodies or matter in the Solar 
Syſtem are poſſeſſed of this power; and perhaps fo is all matter what- 
ſoever. 28 N f | 
104. As the Sun attracts the Planets with their Satellites, and the 
Earth the Moon, ſo the Planets and Satellites re-attract the Sun, and 
the Moon the Earth: action and re- actipn being always equal. This 
is alſo confirmed by obſervation; for the Moon raiſes tidgs in the ocean 
the Satellites and Planets diſturb one another's motions. 
105, Every particle of matter being poſſeſſed of an attracting power, 
the effect of the whole muſt be in proportion to the number of attract- 
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ing particles: that is, to the quantity of matter in the body. This is 


demonſtrated from experiments on pendulums: for, if tliey are of equal 
lengths, whatever their weights be, they always vibrate in equal times. 
Now, if one be double the weight of another, the force of gravity 
or attraction muſt be double to make it oſcillate with the fame celerity : 
if one is thrice the weight or quantity of matter of another, it requires 
thrice the force of gravity. to make it move with the fame celerity. 
Hence it is certain, that the power of gravity is always proportional to 
the quantity of matter in bodies, whatever their bulks or figures are. 
106. Gravity alſo, like all other virtues or emanations iſſuing from a 
centre, decreaſes as the ſquare of the diſtance increaſes: that is, a 
body at twice the diſtance attracts another with only a fourth part of 
the force; at four times the diſtance, with a ſixteenth” part of the force. 
This too is' confirmed from obſervation, by comparing the diſtance 
which the Moon falls in a minute from a right line touching her Orbit, 
with the ſpace which bodies near the Earth fall in the fame time: 
and alſo by comparing the forces which retain Jupiter's Moons in 
their Orbits. This will be more fully explained in the — Chapter. 
Gravitation 10%. The mutual attraction of bodies may be exemplified by a 
exeripliied. boat and a ſhip on the Water, tied by a rope. Let a man either in 


4 enxemplified. 
- : ſhip 
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ſhip or boat pull the * 2 (it is the ſame in effect at which end he 
pulls, for the rope will be equally ſtretched throughout, ) the ſhip and 
boat will be drawn towards one another; but with this difference, 
that the boat will move as much faſter than the ſhip as the ſhip is 
heavier than the boat. Suppoſe the boat as heavy as the ſhip, and 


they will draw one another equally (ſetting aſide the greater reſiſtance 


of the Water on the bigger body) and meet in the middle of the firſt 
diſtance between them. If the ſhip is a thouſand or ten thouſand times 
heavier than the boat, the boat will be drawn a thouſand or ten thouſand 
times faſter than the ſhip ; and meet proportionably nearer the place from 
which the ſhip ſet out. Now, whilſt one man pulls the rope, endea- 
vouring to bring the ſhip and boat together, let another man, in the 
boat, endeavour to row her off ſidewiſe, or at right Angles to the rope; 
and the former, inſtead of being able to draw the boat to the ſhip, will 
find it enough for him to keep the boat from going further off; whilſt 
the latter, endeavouring to row off the boat in a ſtraight line, will, by 
means of the other's pulling it towards the ſhip, row the boat round 
the ſhip at the rope's length from ber. Here, the power employed 
to draw the ſhip and boat to one another repreſents the mutual at- 


traction of the Sun and Planets, by which the Planets would fall freely 


towards the Sun with a quick motion; and would alſo in falling attract 
the Sun towards them. And the power employed to row oft the boat 


_ repreſents the projectile force impreſſed on the Planets at right Angles, 


or nearly ſo, to the Sun's attraction; by which means the Planets move 
round the Sun, and are kept from falling to it. On the other hand, 
if it be attempted to make a heavy ſhip go round a light boat, they 
will meet ſooner than the ſhip can get round ; or the ſhip will drag the 


boat after it. | 


108. Let the above principles be applied to the Sun and Earth ; and 
they will evince, beyond a poſſibility of doubt, that the Sun, not the 
Earth, is the center of the Syſtem ; and that the Earth moves round 


the Sun as the other Planets do. 


For, if the Sun moves about the Earth, the Earth's attractive power 


muſt draw the Sun towards it from the line of projection ſo, as to bend 
it's motion into a curve; and the Earth being at leaſt 169 thouſand 


times lighter than the Sun, by being ſo much leſs as to it's quantity 


of matter, muſt move 169 thouſand times faſter. toward the Sun 
than the Sun does toward the Earth ; and conſequently would fall to 
the Sun in a ſhort time if it had not a very ſtrong projectile motion 


to carry it off. The Earth therefore, as well as every other Planet in 
| F the 


33 
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The abſurdity the Syſtem, muſt have a rectilineal impulſe to prevent its falling into 
of ſuppoling the Sun. To ſay, that gravitation retains all the other Planets in their 

the Euth at : . 2 4 
ſt Orbits without affecting the Earth, which is placed between the Orbits 
of Mars and Venus, is as abſurd as to ſuppoſe that ſix cannon bullets 
might be projected upwards to different heights in the Air, and that 
five of them ſhould fall down to the ground; but the ſixth, which 
is neither the higheſt nor the loweſt, ſhould remain ſuſpended in 

the Air without falling; and the Earth move round about it. 

109. There is no ſuch re in nature as a heavy body moving 
round a light one as its centre of motion. A pebble faſtened to a mill- 
ſtone by a ſtring, may by an eaſy impulſe be made to circulate round 
the mill-ſtone : but no impulſe can make a mill-ſtone circulate round 
a looſe pebble, for the heavieſt would undoubtedly carry the lighteſt 
along with it wherever it goes. . 

110. The Sun is ſo immenſely bigger and heavier than the Earth *, 
that if he was moved out of his place, not only the Earth, but all 
the other Planets if they were united into one maſs, would be carried 
along with the Sun as the pebble would be with the mill-ſtone. 

111. By conſidering the law of gravitation, which takes place through- 
out the Solar Syſtem, in another light, it will be evident that the Earth 

The harmony moves round the Sun in a year; and not the Sun round the Earth. It 
1 has been ſhewn (F 106) that the power of gravity decreaſes as the 
ſqſuare of the diſtance increaſes: and from this it follows with mathe- 
matical certainty, that when two or more bodies move round another 

as their centre of motion, the ſquares of their periodic times will be 

to one another in the ſame proportion as the cubes of their diſtances 

from the central body. This holds preciſely with regard to the Planets 

round the Sun, and the Satellites round the Planets ; the relative di- 

ſtances of all which, are well. known. But, if we ſuppoſe the Sun 

to move round the Earth, and compare its period with the Moon's 

by the above rule, it will be found that the Sun would take no leſs 

than 173,510 days to move round the Earth, in which cafe our year 

would be 475 times as long as it now is. To this we may add, that 

the aſpects. of increaſe and decreaſe of the Planets, the times of their 

ſeeming to ſtand till, and to move direct and retrograde, anſwer pre- 

ciſely to the Earth's motion; but not at all to the Sun's without intro- 

ducing the moſt abſurd and monſtrous ſuppoſitions, which would de- 

ſtroy all harmony, order, and ſimplicity in the Syſtem. Moreover, if 

the Earth is ſuppoſed to ſtand ſtill, and the Stars to revolve in free 

ſpaces about the Earth in 24 hours, it is certain that the forces by 


* As will be demonſtrated in the ninth Chapter. 
2 which 
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which the Stars revolve in their Orbits are not directed to the Earth, The abſur- 
but to the centres of the ſeveral Orbits: that is, of the ſeveral parallel _ of fap- 
Circles which the Stars on different ſides of the Equator deſcribe every — ary 
day: and the like inferences may be drawn from the ſuppoſed diurnal Plancts to 
motion of the Planets, ſince they are never in the Equinoctial but he Tas 
twice, in their courſes with regard to the ſtarry Heavens. But, that 
forces ſhould be directed to no central body, on which they phyſical 
depend, but to innumerable imaginary points in the axe of the Ear 
produced to the Poles of the Heavens, is an hypotheſis too abſurd to be 
allowed of 'by any rational creature. And it is ſtill more abſurd to 
imagine that theſe forces ſhould increaſe exactly in proportion to the di- 
ſtances from this axe; for this is an indication of an increaſe to infinity: 
whereas the force of attraction is found to decreaſe in receding from the 
fountain from whence it flows. But, the farther that any Star is from 
the quieſcent Pole the greater muſt be the Orbit which it deſcribes ; and 
et it appears to go round in the ſame time as the neareſt Star to the 
Pole does. And if we take into conſideration the two-fold motion ob- 
ſerved in the Stars, one diurnal round the Axis of the Earth in 24 hours, 
and the other round the Axis of the Ecliptic in 25920 years 5 251, it 
would require an explication of ſuch a perplexed compoſition of forces, 
as could by no means be reconciled with any phyſical Theory. 


112. There is but one objection of any weight that can be made to ObjeQtions 
the Earth's motion round the Sun; which is, that in oppoſite points nn the 
of the Earth's Orbit, it's Axis which always keeps a parallel direction tion anſwered. 
would point to different fixed Stars; which is not found to be fact. 
But this objection 1s eaſily removed by conſidering the immenſe diſtance 
of the Stars in reſpect of the diameter of the Earth's Orbit; the latter be- 
ing no more than a point when compared to the former. If we lay a ruler 
on the ſide of a table, and along the edge of the ruler view the top of a 
ſpire at ten miles diſtance ; then lay the ruler on the oppoſite fide of the 
table in a parallel ſituation to what it had before, and the ſpire will fill 
appear along the edge of the ruler ; becauſe our eyes, even when aſſiſted by 
the beſt inſtruments are incapable of diſtinguiſhing ſo ſmall a change. 

113. Dr. BRADLEY, our preſent Aſtronomer Royal, has found by 
a long ſeries of the moſt accurate obſervations, that there is a ſmall 
apparent motion of the fixed Stars, occaſioned by the aberration of their 
light, and fo exactly anſwering to an annual motion of the Earth, as 
evinces the ſame, even to a mathematical demonſtration. Thoſe who 
are qualified to read the Doctor's modeſt Account of this great diſcovery 


may conſult the Ph:loſephical Tranſactions, Ne 406. Or they may find 
F 2 it 
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it treated of at large by Drs. SMirn“, LongGF, DSsAGUTLIERS, 

RUTHERFURTH ||, Mr MACLAURINS, and M. Ds La CAILLIE XX. 
Why the Sun 114. It is true that the Sun ſeems to change his place daily, ſo as to 
8 make a tour round the ſtarry Heavens in a year. But whether the 


ange his 


place. Earth or Sun moves, this appearance will be the ſame; for, when the 


Earth is in any part of the Heavens, the Sun will appear in the oppoſite. 
And therefore, this appearance can be no objection againſt the motion 
of the Earth. | | | | 

115. It is well known to every perſon who has failed on ſmooth 
Water, or been carried by a ſtream in a calm, that however faſt the 
veſſel goes he does not feel its progreſſive motion. The motion of 
the Earth is incomparably more ſmooth and uniform than that of a 
ſhip, or any machine made and moved by human art: and therefore 
it is not to be imagined that we can feel it's motion. 


The Earth's 116, We find that the Sun, and thoſe Planets. on which there are 


motion on it's ,,3 ö . | 
mono on 5 viſible ſpots, turn round their Axes: for the ſpots move regularly over 


ſtrated, their Diſks ++. From hence we may reaſonably conclude that the 


other Planets on which we ſee no ſpots, and the Earth which is like- 


wiſe a Planet, have ſuch rotations. But being incapable of leaving the 
Earth, and viewing it at a diſtance ; and it's rotation being ſmooth and 
uniform, we can neither ſee it move on it's Axis as we do the Planets, 
nor feel ourſelves affected by it's motion. Yet there is one effect of 
ſuch a motion which will enable us to judge with certainty whether 
the Earth revolves on it's Axis or not. All Globes which do not turn 
round their Axes will be perfect ſpheres, on account of the equality of 
the weight of bodies on their ſurfaces ; eſpecially of the fluid parts. But 
all Globes which turn on their Axes will be oblate ſpheroids ; that is, 
their ſurfaces will be higher, or farther from the centre, in the equa- 
toreal than in the polar Regions: for, as the equatoreal parts move 
quickeſt, they will recede farther from the Axis of motion, and enlarge 
the equatoreal diameter, That our Earth is really of this fignre is 
demonſtrable from the unequal vibrations of a pendulum, and the 
_— lengths of degrees in different latitudes. Since then, the 
Earth is higher at the Equator than at the Poles, the ſea, which naturally 
runs downward, or towards the places which are neareſt the centre, 
would run towards the polar Regions, and leave the equatoreal parts 
dry, if the centrifugal force of theſe parts did not raiſe and carry the 


* Optics, B. I. H i178. + Aſtronomy, B. II. §. 838. 4 Philoſophy, 
Vol. I. p. 401. | Account of Sir Iſace Newton's Philoſephical Diſcoveries, B. IIb 
e. 2. 63. * [Elements d' Aſtronomie, & 381. 


++ The face of the Sun, Moon, or any Planet, as it appears to the eye, is called it's Diſc. 
| | waters 
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waters thither. The Earth's equatoreal diameter is 35 miles longer 


than its Axis. ; | 
117. Bodies near the Poles are heavier than thoſe towards the All bodies 
heavier at the 


Equator, becauſe they are nearer the Earth's centre, where the whole pole, tan 
force of the Earth's attraction is accumulated. They are alſo heavier they would 
becauſe their centrifugal force is leſs on account of their diurnal motion . — the 
being ſlower. For both theſe reaſons, bodies carried from the Poles 1. 
toward the Equator, gradually loſe of their weight, Experiments prove 

that a pendulum, which vibrates ſeconds near the Poles vibrates flower 

near the Equator, which ſhews that it is lighter or leſs attracted there. 

To make it oſcillate in the ſame time, tis found neceſſary to diminiſh 


it's length. By comparing the different lengths of pendulums ſwing- 


ing ſeconds at the Equator and at London, it is found that a pendulum 
muſt be 2 *.*2- lines ſhorter at the Equator than at the Poles. A line 


is a twelfth part of an inch. 
118. If the Earth turned round. it's Axis in 84 minutes 43 ſeconds, How they 


the centrifugal force would be equal to the power of gravity at the YR 
Equator; and all bodies there would entirely loſe their weight. If TI 


the Earth revolved quicker they would all fly off, and leave it. 
One on the Earth can no more be ſenſible of it's undiſturbed The Earth's 


119. | 
motion on it's Axis, than one in the cabin of a ſhip on ſmooth Water e be i 


can be ſenſible of her motion when ſhe turns gently and uniformly 
round. It is therefore no argument againſt the Earth's diurnal motion 
that we do not feel it : nor is the apparent revolutions of the celeſtial 
bodies every day a proof of the reality of theſe motions ; for whether 
we or they revolve, the e is the very ſame. A perſon look- 
ing through the cabin windows of a ſhip as ſtrongly fancies the objects 
on land to go round when the ſhip turns, as if they were actually in 


motion. 


120. If we could tranſlate ourſelves from Planet to Planet, we ſhould 
ſtill find that the Stars would appear of the ſame magnitudes, and at 
the ſame diſtances from each other, as they do to us here; becauſe 
the width of the remoteſt Planet's Orbit bears no ſenfible proportion 
to the diſtance of the Stars. But then, the Heavens would ſeem to To the dif- 
revolve about very different Axes ; and conſequently, thoſe quieſcent ef nete 
Points which are our Poles in the Heavens would ſeem to revolve appear to turn 
about other points, which, though apparently in motion to us on Earth "9und ys * 
would be at reſt as ſeen from any other Planet. Thus, the Axis 3 
Venus, which lies almoſt at right Angles to the Axis of the Earth, 


would have it's motionleſs Poles in two oppoſite points of the Heavens 
2 lying 


* 
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lying almoſt in our Equinoctial, where the motion appears quickeſt 
* becauſe it is performed in the greateſt Circle. And the very Poles, 
which are at reſt to us, have the quickeſt motion of all as ſeen from 
Venus. To Mars and Jupiter the Heavens appear to turn round with 
very different velocities on the the ſame Axis, whoſe Poles are about 
23+ degrees from ours. Were we on Jupiter we ſhould be at firſt amazed 
at the rapid motion of the Heavens ; the Sun and Stars going round in 
9 hours 56 minutes. Could we go from thence to Venus we ſhould 
be. as much ſurpriſed at the ſlowneſs of the heavenly motions: the 
Sun going but once round in 584 hours, and the Stars in 540. And 
could we go from Venus to the Moon we ſhould ſee the Heavens turn 
round with a yet ſlower motion; the Sun in 708 hours, the Stars in 
655. As it is impoſſible theſe various circumvolutions in ſuch different 
times and on ſuch different Axes can be real, ſo it is unreaſonable to 
ſuppoſe the Heavens to revolve about our Earth more than it does 
about any other Planet. When we reflect on the vaſt diſtance of the 
fixed Stars, to which 162,000,000 of miles is but a point, we are 
filled with amazement at the immenſity of their diſtance. ' But if we 
try to frame an idea of the extreme rapidity with which the Stars muſt 
move, if they move round the Earth in 24 hours, the thought becomes 
ſo much too big for our imagination, that we can no more conceive it 
than we do infinity or eternity. If the Sun was to go round the Earth 
in a day, he muſt travel upwards of 300,000 miles in a minute: but 
the Stars being at leaſt 10,000 times as far as the Sun from us, thoſe 
about the Equator muſt move 10,000 times as quick, And all this 
to ſerve no other purpoſe than what can be as fully and much more 
ſimply obtained by the Earth's turning round eaſtward as on an Axis, 
. every 24 hours, cauſing thereby an apparent diurnal motion of the Sun 
weſtward, and bringing about the alternate returns of day and night. 


ObjeAions 121. As to the common objections againſt the. Earth's motion on 
punt ie @ it's Axis, they are all cafily anſwered and ſet aſide. That it may turn 
nal motion Without being ſeen or felt to do ſo, has been alreac ewn, 811 
= thout being ſe felt to do ſo, has b lready ſh 9 119. 
anſwered. But ſome are apt to imagine that if the Earth turns eaſtward (as it 


certainly does if it turns at all) a ball fired perpendicularly upward in 


the air muſt fall conſiderably weſtward of the place it was projected 
from. This objection, which at firſt ſeems to have ſome weight, will 
be found to have none at all when we conſider that the gun and ball 
partake of the Earth's motion ; and therefore the ball being carried for- 
ward with the air as quick as the Earth and air turn, muſt fall down again 
on the ſame place. A ſtone let fall from the top of a main-maſt, if it 
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meets with no obſtacle, falls on the deck as near the foot of the maſt 
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when the ſhip ſails as when it does not. And if an inverted bottle, 

full of liquor, be hung up to the cieling of the cabin, and a ſmall 

hole be made in the cotk to let the liquor drop through on the floor, 

the drops will fall juſt as far forward on the floor when the ſhip fails 

as when it is at reſt. And gnats or flies can as eafily dance 5 

one another in a moving cabin as in a fixed chamber. As for thoſe 

ſcripture expreſſions which ſeem to contradict the Earth's motion, this 

general anſwer may be made to them all, viz. tis plain from many 

inſtances that the Scriptures were never intended to inſtruct us in Phi- = 
loſophy or Aſtronomy; and therefore, on thoſe ſubjects, expreſſions are 

not always to be taken in the ſtricteſt ſenſe ;. but for the moſt part as 
accommodated to the common apprehenfions of mankind. Men of 

ſenſe in all ages, when not treating of the ſciences' purpoſely, have 

followed this method : and it would be in vain to follow any other in 

addreſſing ourſelves to the vulgar, or bulk of any community. Moſes 

calls the Moon A GREAT LUMINARY (as it is in the Hebrew) 4 
as well as the Sun: but the Moon is known to be an opaque body, 
and the ſmalleſt that Aſtronomers have obſerved in the Heavens; and | 
ſhines upon us not by any inherent light of it's own, but by reflecting N 

the light of the Sun. If Mſès had known this, and told the Muaelites 

ſo, they would have ſtared at him; and conſidered him rather as a 

madman than as a perſon commiſſioned by the Almighty to be their 


leader. | $4 
CHAP. IV. 


The Phenomena of the Heavens as ſeen from different parts: 
of the Earth © - he 


122. W E are kept to the Earth's ſurface on all fides by the power We are kept: 

q of it's central attraction; which, laying hold of all bodies pro's 

according to their denſities or quantities of matter without regard to — © 

their bulks, conſtitutes what we call their weight. And Having the 

„ over our heads, go where we will, and our feet towards the centre 

of the Earth, we call it 2% over our heads, and down under dur feet: | * 

although the ſame right line which is down to us, if continued through 

and beyond the oppoſite. fide of the Earth, would be 29 to the inhabi- 

tants on the oppoſite fide. For, the inhabitants 7, i, e, mn, 5, o, q, U 

Rand with their feet toward the Earth's centre C; and have yy 
gurs: 


4 
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PLATE II. 


Fig. I, 


* Antipodes. 


| Axis of the 


World. 


Lig. II. 


How our 

Earth might 
have an upper 
and an under 


ſide. 
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figure of ſky N. , E, M. $, O, 2, L over their heads. Therefore, the 
point: & is as directly upward to the inhabitant 5 on the ſouth Pole 
as Mis to the inhabitant » on the North Pole: fo is E to the inha- 
bitant e, ſuppoſed to be on the north end of Peru; and Q to the 
oppoſite. inhabitant q on the middle of the iſland Sumatra. Each of 
theſe obſervers is ſurpriſed that his oppoſite or Antipode can ſtand 
with his head hanging downwards. But let either go to the 
other, and he will tell him that he ſtood as upright and firm on the 
place where he was as he now ſtands where he is. To all theſe ob- 
ſervers the Sun, Moon, and Stars ſeem to turn round the points N and 
S as the Poles of the fixed Axis NCS; becauſe the Earth does really 
turn round the mathematical line C's as round an Axis of which 7x 
is the North Pole and s the South Pole. The Inhabitant U (Fig. II.) 
affirms that he is on the uppermoſt ſide of the Earth, and wonders 
how another at L can ſtand on the undermoſt fide with his head hang- 
ing downwards, But U in the mean time forgets that in twelve hours 
time be will be carried half round with the Earth; and then be in the 
very ſituation that L now is, although as far from him as before. 
And yet, when U comes there, he will find no difference as to his 
manner of ſtanding ; only he will fee the oppoſite half of the Heavens, 
and imagine the Heavens to have gone half round him. 


123. When we ſee a globe hung up in a room we cannot help 
imagining it to have an upper and an under fide, and immediate] 
form a like idea of the Earth; from whence we conclude, that it is 
as impoſſible for perſons to ſtand on the under fide of the Earth as for 
pebbles to lie on the under fide of a common Globe, which inſtantly 


fall down from it to the ground; and well they may, becauſe the attrac- 


tion of the Earth, being too ſtrong for the attraction of the Globe, pulls 
them away. Juſt ſo would be the caſe with our Earth, if it were 

laced near a Globe much bigger than itſelf, ſuch as Jupiter.: for 
then it would really have an upper and an under fide with reſpect to 
that large Globe; which, by it's Attraction, would pull away every 
thing from the ſide of the Earth next to it; and only thoſe on the 
top of the oppoſite or upper ſide could keep upon it. But there is 
no larger Globe near enoùgh our Earth to overcome it's central attrac- 
tion; and therefore it has no ſuch thing as an upper and an under ſide: 


for all bodies on or near it's ſurface, even to the Moon, gravitate 


towards it's center. | 84 
124. Let any man imagine that the Earth and every thing but 
himſelf is taken away, and he left alone in the midſt of infinite Space; 


from different Parts of the Earth. 41 
he could then have no idea of 5 or down; and were his 2 full ofpLATE Il. 


old, he might take the pieces one by one, and throw them away on 
all ſides of him, without any danger of loſing them; for the attraction 
of his body would bring them all back by the ways they went, and 
he would be down to every one of them. But then, if a Sun or any 
other large body were created, and placed in any part of Space ſeveral 
millions of miles from him, he would be attracted towards it, and could 


not ſave himſelf from falling down to it. 


12 5. The Earth's bulk is but a point, as that at C, compared to the pig. I. 
Heavens; and therefore every inhabitant upon it, let him be where he 
will, as at u, e, m, 5, &c. ſees one half of the Heavens. The inhabi- 
tant a, on the North Pole of the Earth, conſtantly ſees the Hemiſphere 
EN; and having the North Pole N of the Heavens juſt over his head, 
his“ Horizon coincides with the Celeſtial Equator EC, Therefore all One half of 
the Stars in the Northern Hemiſphere ENC, between the Equater and 8388 
North Pole, appear to turn round the line NC, moving parallel to the mice, oo 
Horizon. The Equatoreal Stars keep in the Horizon, and all thoſe in any N 
the Southern Hemiſphere ES are inviſible. The like Phenomena are 
ſeen by the obſerver s on the South Pole, with reſpect to the Hemiſphere 
ES; and to him the oppoſite Hemiſphere is always inviſible. Hence, 
under either Pole, only one half of the Heavens is ſeen; for thoſe parts 
which are once viſible never ſet, and thoſe which are once inviſible never 
riſe. But the Ecliptic YCX, or Orbit which the Sun 0 7 to deſcribe 
once a year by the Earth's annual motion, has the half TC conſtantly 
above the Horizon EC of the North Pole 7 ; and the other half CX al- Phenomena 
ways below it. Therefore whilſt the Sun deſcribes the northern half Wat the Poles, 
of the Ecliptic he neither ſets to the North Pole nor riſes to the South ; 
and whilſt he deſcribes the ſouthern half CX he neither ſets to the South 
Pole nor riſes to the North. The ſame things are true with reſpect to the 
Moon ; only with this difference, that as the Sun deſcribes the Ecliptic 
but once a year, he is for half that time viſible to each Pole in it's 
turn, and as long inviſible ; but as the Moon goes round the Ecliptic 
in 27 days 8 hours, ſhe is only viſible for 13 days 16 hours, and. as 
long inviſible to each Pole by turns. All the Planets likewiſe riſe and 
ſet to the Poles, becauſe their Orbits are cut obliquely in halves by the 
Horizon of the Poles. When the Sun (in his apparent way from &) 
arrives at C, which is on the 2oth of March, he is juſt riſing to an 
obſerver at 7 on the North Pole, and ſetting to another at n the 


*The utmoſt limit of a perſon's view, where the Sky ſeems to touch the Earth all 
around, is called his Horizon; which ſhifts as the perſon changes his place. 
| G South 


4.2 
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PLATE II. South Pole. From C he rifes higher and higher in every apparent 


Phenomena at 


Diurnal revolution till he comes to the higheſt point of the Ecliptic y, 
on the 2 1ſt of June, and then he is at his greateft Altitude, which is 
237 degrees, or the Arc Ey, equal to his greateſt North declination; 
and from thence he feems to deſcend gradually in every apparent Cir- 
cumvolution, till he ſets at C on the 23d of September; and then he 
— to exhibit the like Appearances at the South Pole for the other 
alf of the year. Hence the Sun's apparent motion round the Earth is 
not in parallel Circles, but in Spirals; ſuch as might be repreſented by a 
thread wound round a Globe from Tropic to Tropic; the Spirals being 
at ſome diſtance from one another about the Equator, but gradually 
nearer to each other as they approach nearer to the Tropics. | 
126. If the obſerver be any where on the Terreſtrial Equator eCg, 


the Equator. gg ſuppoſe at e, he is in the Plane of the Celeſtial Equator ; or under 


Fig. I. 


Remark. 


the Equinoctial EC A; and the Axis of the Earth Cs is coincident with 
the Plane of his Horizon, extended out to N and &, the North and 


South Poles of the Heavens. As the Earth turns round the line NCS, 


the whole Heavens MOL! ſeem to turn round the ſame line, but the 
contrary way. It is plain that this obſerver has the Poles conſtantly in 
his Horizon, and that his Horizon cuts the Diurnal paths of all the 
Celeſtial bodies perpendicularly and in halves. Therefore the Sun, 
Planets, and Stars riſe every day, and aſcend perpendicularly above the 
Horizon for fix hours, and paffn over the n, deſcend in the 
fame manner for the ſix following hours; then fet in the Horizon, and 
continue twelve hours below it. Conſequently at the Equator the days 
and nights are equally long throughout the year. When the obſerver 
is in the ſituation e, he fees the Hemiſphere SEN; but in twelve hours 
after, he is carried half round the Earth's Axis to 9, and then the He- 
miſphere SN becomes viſible to him; and SEN diſappears, being hid 
by the Convexity of the Earth. Thus we find that to an obſerver at 


either of the Poles one half of the Sky is always viſible, and the other 


half never ſeen ; but to an obſerver on the Equator the whole Sky is 
ſeen every 24 hours. | pi 7 

The Figure here referred to, repreſents a Celeſtial globe of glaſs, 
having a Terreſtrial globe within it ; after the manner of theGlaſs Sphere 
invented by my generous friend Dr. Lonc, Lowndes's Profeſſor of 
Aftronomy in Cambridge. _— 


127 If a Globe be held ſidewiſe to the eye; at ſome diſtance, and 
fo that neither of it's Poles can be ſeen, the Equator EC, and all 
Circles parallel to it, as DL, yzx, abX, MO, &c. will appear to be 

| | ſtraight 


TT”  - 


. 


from diſterent Parts of the Earth. 43 


ſtraight lines, as projected in this Figure; which is requiſite to be men- 
tioned. here, becauſe we ſhall have occaſion to call them Circles in the 
following Article *, | 
128. Let us now ſuppoſe that the obſerver has gone from the Equa- Phenomena 
tor e towards the North Pole 2, and that he ſtops at i, from which —.— — 
place he then ſees the Hemiſphere ME/NL ; his Horizon MCL having 1 
ſhifted as many + Degrees from the Celeſtial poles N and & as he has 
travelled from under the Equinoctial E. And as the Heavens ſeem 
conſtantly to turn round the line NCS as an Axis, all thoſe Stars 
which are as far from the North Pole NM as the obſerver is from under 
the Equinoctial, namely the Stars north of the dotted parallel DL, 
never ſet below the Horizon; and thoſe which are ſouth of the dotted 
parallel MO never riſe above it. Hence, the former of theſe two 
parallel Circles is called the Circle of perpetual Apparition, and the latter The Circles 
the Circle of perpetual Occultation : but all the Stars between theſe two - 2 2 
Circles riſe and ſet every day. Let us imagine many Circles to be drawn and Occulta- 
between theſe two, and parallel to them; thoſe which are on the north tion. 
ſide of the Equinoctial will be unequally cut by the Horizon MCL, 
having larger portions above the Horizon than below it ; and the more 
ſo, as they are nearer to the Circle of perpetual Apparition ; but the 
reverſe happens to thoſe on the ſouth ſide of the Equinoctial, whilſt 
the Equinoctial is divided in two equal parts by the Horizon. Hence, 
by the apparent turning of, the Heavens, the northern Stars deſcribe 
greater Arcs or Portions of Circles above the Horizon than below it ; 
and the greater as they are farther from the Equinoctial towards the 
Circle of perpetual Apparition ; whilſt the contrary happens to all 
Stars ſouth of the Equinoctial: but thoſe upon it deſcribe equal Arcs 
both above and below the Horizon, and therefore they are juſt as long 
above as below it. 
129. An obſerver on the Equator has no Circle of perpetual Appari- 
tion or Occultation, becauſe all the Stars, together with the Sun and 
Moon, riſe and ſet to him every day. But, as a bare view of the Fi- 
gure is ſufficient to ſhew that theſe two Circles DL and MO are juſt 
as far from the Poles N and & as the obſerver at i (or one oppoſite 
to him at o) is from the Equator EC it is plain, that if an obſerver 
begins to travel from the Equator towards either Pole, his Circle of 
perpetual Apparition riſes from that Pole as from a Point, and his Circle 
of perpetual Occultation from the other. As the obſerver advances 


*The Plane of a Circle, or a thin circular Plate, being turned edgewiſe to the eye 
appears to be a ſtraight line. ; | 


+ A Degree is the 360th part of a Circle. 
| G 2 toward 
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PLATE Il. toward the nearer Pole, theſe two Circles enlarge their diameters, and 2 
come nearer one another, until he comes to the Pole; and then they = 
meet and coincide in the Equator. On different ſides of the Equator, 4 
to obſervers at equal diſtances from it, the Circle of perpetual Appari- 1 
tion to one is the Circle of perpetual Occultation to the other. "Nx 
Why the Stats 130. Becauſe the Stars never vary their diſtances from the Equinoc- 1 
always de- tial, ſo as to be ſenſible in an age, the lengths of their diurnal and 1 
—_— kf] nocturnal Arcs are always the ſame to the ſame places on the Earth. But = 
lel of motion, as the Earth goes round the Sun every year in the Ecliptic, one half 2X 
_— of which is on the north fide of the Equinoctial and the other half 9 
on it's ſouth ſide, the Sun appears to change his place every day, ſo 4 
as to go once round the Circle YCX every year F 114. Therefore 1Y 
whilſt the Sun appears to advance northward, from having deſcribed 2 
the Parallel abX touching the Ecliptic in X, the days continually 1 
lengthen and the nights ſhorten, until he comes to y and deſcribes the Y 
Parallel yzx, when the days are at the longeſt and the nights at the 1 
ſhorteſt: for then, as the Sun goes no farther northward, the greateſt 1 
rtion that is poſſible of the diurnal Arc yz is above the Horizon of E 
the inhabitant ; and the ſmalleſt portion 2x below it. As the Sun 6 
declines ſouthward from y he deſcribes ſmaller diurnal and greater 1 
nocturnal Arcs, or Portions of Circles, every day; which cauſeth the b 
days to ſhorten and nights to lengthen, until he arrives again at the 
Parallel abX; which having only the ſmall part ab above 'the Hori- 
zon MCL, and the great part & below it, the days are at the 
ſhorteſt and the nights at the longeſt ; becauſe the Sun recedes no far- 
ther ſouth, but returns northward as before. It is eaſy to ſee that the 1 
Sun muſt be in the Equinoctial ECA, twice every year, and then the YH 
days and nights are equally long; that is, 12 hours each. Theſe hints © 
ferve at preſent to give an idea of ſome of the Appearances reſulting - 
from the motions of the Earth; which will be more particularly de- 1 
ſcribed in the tenth Chapter. \ | 
Fig. 1. 131. To an obſerver at either Pole, the Horizon and Equinoctial are 
r coincident; and the Sun and Stars ſeem to move parallel to the Hori- 
Ripht ſphere, ZON : therefore, ſuch an obſerver is ſaid to have a Parallel poſition of the 
what, Sphere. To an obſerver any where between the Poles and Equator, the 


Parallels deſcribed by the Sun and Stars are cut obliquely by the Hori- 
zon, and therefore he is ſaid to have an Oblique poſition of the Sphere. 
To an obſerver any where on the Equator, the Parallels of Motion, 
deſcribed by the Sun and Stars are cut perpendicularly, or at Right an- 

| 1 1 3 gles, 


©. 5. 
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from diffevent Parts of the Earth. 


gles, by the Horizon; and therefore he is ſaid to have a Right poſition 
of the Sphere. And theſe three are all the different ways that the 


Sphere can be poſited to all people on the Earth. 


GR. 


The Phenomena of the Heavens as ſeen from different Parts 
of the Solar Syſtem. 


132. — O vaſtly great is the diſtance of the ſtarry Heavens, that if 

viewed from any part of the Solar Syſtem, or even many 
millions of miles beyond it, it's appearance would be the very ſame to 
us. The Sun and Stars would all ſeem to be fixed on one concave 
ſurface, of which the Spectators eye would be the centre. But the 
Planets, being much nearer than the Stars, their appearances will vary 
conſiderably with the place from which they are viewed. 

133. If the ſpectator is at reſt without their Orbits, the Planets will 
ſeem to be at the ſame diſtance as the Stars; but continually chang- 
ing their places with reſpect to the Stars, and to one another: aſſuming 
various phaſes of increaſe and decreaſe like the Moon. And, not- 
withſtanding their regular motions about the Sun, will ſometimes 
appear to move quicker, ſometimes ſlower, be as often to the weſt as 
to the eaſt of the Sun; and at their greateſt diſtances ſeem quite ſta- 
tionary. The duration, extent, and points in the Heavens where theſe 
digreſſions begin and end, would be more or leſs according to the re- 
ſpective diſtances of the ſeveral Planets from the Sun: but in the ſame 


Planet they would continue invariably the ſame at all times; like pen- 


dulums of unequal lengths oſcillating together, the ſhorter move quick 
and go over a ſmall ſpace, the longer move ſlow and go over a large 
ſpace. If the obſerver is at reſt within the Orbits of the Planets, but 
not near the common center, their apparent motions will be irregular, 
but leſs ſo than in the former caſe. Each of the ſeveral Planets will 
appear bigger and leſs by turns, as they approach nearer or recede far- 


ther from the obſerver ; the neareſt varying moſt in their ſize. They 
will alſo move quicker or ſlower with regard to the fixed Stars, but 


will never be retrograde or ſtationary. | 
134. Next, let a ſpectator in motion view the Heavens: the ſame 


apparent irregularities will be obſerved, but with ſome variation reſult- 
ing from his own motion. If he is on a Planet which has a rotation 


on it's Axis, not being ſenſible of his own motion he will imagine 
the 


- 
oO 
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thewhole Heavens; Sun, Planets, and Stars to revolve about him in the 
ſame time that his Planet turns round, but the contrary way; and will 
not be eaſily convinced of the deception, If his Planet moves round 
the Sun, the ſame irregularities and aſpects as above will appear in the 
motions of the Planets: only, the times of their being direct, ſtationary 
and retrograde will be accelerated or retarded as they concur with, or 
are contrary to his motion : and the Sun will ſeem to move among the 
fixed Stars or Signs, directly oppoſite to thoſe in which his Planet 
moves; changing it's place every day as he does. In a word, whether 
our obſerver be in motion or at reſt, whether within or without the 
Orbits of the Planets, their motions will ſeem irregular, intricate and 
perplexed, unleſs he is in the center of the Syſtem ; and from thence, 
the moſt beautiful order and harmony will be obſerved. | 
The Sun's 135. The Sun being the center of all the Planets motions, the only 
| en = place from which their motions could be truly ſeen, is the Sun's center ; 
ror nich where the obſerver being ſuppoſed not to turn round with the Sun 
the true mo- er f in this caſe, we muſt imagine to be a tranſparent body) would 
—_ he ſee all the Stars at reſt, and ſeemingly equidiſtant from him. To ſuch 
Planets couldan obſerver the Planets would appear to move among the fixed Stars, 
be ſeen. in a fimple, regular, and uniform manner; only, that as in equal times 
they deſcribe equal Areas, they would deſcribe ſpaces ſomewhat unequal, 
becauſe they move in elliptic Orbits & 155. Their motions would alfo 
appear to be what they are in fact, the ſame way round the Heavens; 
in paths which croſs at ſmall Angles in difterent parts of the Heavens, 
ind then ſeparate a little from one another & 20. So that, if the ſolar 
Aſtronomer ſhould make the Path or Orbit of any one Planet a ſtandard, 
and conſider it as having no obliquity $'zo1, he would judge the 
paths of all the reſt to be inclined to it; each Planet having one half 
of it's path on one fide, and the other half on the oppoſite fide of the 
ſtandard Path or Orbit. And if he ſhould ever ſee all the Planets ſtart 
from a conjunction with each other *; Mercury would move ſo much 
faſter than Venus as to overtake her again (though not in the ſame 
point of the Heavens) in a quantity of time almoſt equal to 145 of 
our days and nights; or, as we commonly call them, Natural Days, 
which include both the days and nights: Venus would move ſo much 
faſter than the Earth as to overtake it again.in 585 natural days: the 
Earth ſo much faſter than Mars as to overtake him again in 778 ſuch 


Here we do not mean ſuch a conjunction, as that the nearer Planet ſhould hide all 
the reſt from the obſerver's ſight; (for that would be impoſſible unlefs the interſections 
of all their Orbits were coincident, which they are not, See & 21.) but when they were 
all in a line croſſing the ſtandard Orbit at right Angles. 5 4 
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days: Mars ſo much faſter than Jupiter as to overtake him again in 
817 ſuch days: and Jupiter ſo much faſter than Saturn as to overtake 
him again in 7236 days, all of our tine. | | 


136. But as our ſolar Aſtronomer could have no idea of, meaſuring The judg- 
the courſes of the Planets by our days, he would very probably take 7: 3 K 


the period of Mercury, which is the quickeft moving Planet, for a mer would 
meaſure to compare the periods of the others by. As all the Stars provably 


would appear quieſcent to him, he would never think that they had cerning the 


any dependance upon the Sun; but could naturally imagine that the 2 2 


Planets have, becauſe they move round the Sun. And it is by no planet 


means improbable, that he would conclude thoſe Planets whoſe 
periods are quickeſt to move in Orbits proportionably leſs than thoſe do 
which make ſlower circuits. But being deſtitute of a method for find- 
ing their Parallaxes, or, more properly ſpeaking, as they could have no 
Parallax to him, he could never know any thing of their real diſtances 
or magnitudes. Their relative diſtances he might perhaps gueſs at by 
their periods, and from thence infer ſomething of truth concerning 
their relative bulks, by comparing their apparent bulks with one an- 
other. For example, Jupiter appearing bigger to him than Mars, he 
would conclude it to be much bigger in fact; becauſe it appears fo, 
and muſt be farther from him, on account of it's longer period. 


Mercury would ſeem bigger than the Earth; but by comparing it's 


period with the Earth's, he would conclude that the Earth is much 
farther from him than Mercury, and conſequently that-it muſt be real 
bigger though apparently leſs; and ſo of the reſt, And, as ea 
Planet would appear ſomewhat bigger in one part of it's Orbit than in 
the oppoſite, and to move quickes when it ſeems biggeſt, the obſerver 
would be at no loſs to determine that all the Planets move in Orbits 
of which the Sun is not preciſely in the center. 


137. The apparent magnitudes of the Planets continually change as The Plane- 
ſeen from the Earth, which demonſtrates that they approach nearer , morn, 
to it, and recede farther from it by turns. From theſe Phenomena, as f Son — 
and their apparent motions among the Stars, they ſeem to deſcribe the Earth. 
looped curves which never return into themſelves, Venus's path ex- 
cepted. And if we were to trace out all their apparent paths, and 


put the figures of them together in one diagram, they would 


ſo anomalous and confuſed, that no man in his ſenfes could believe 


them to be repreſentations of their real paths ; but would immediately 
conclude, that ſuch apparent irregularities muſt be owing to ſome Optic 
illuſions. And after a good deal of enquiry, he might perhaps be at b 

1 loſs 
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PLATE III. loſs to find out the true cauſe of theſe inequalities; - eſpecially if he 
were one of thoſe who would rather, with the greateſt juſtice, charge 
frail man with ignorance, than the Almighty with being the author 
of ſuch confuſion. | 

Thoſe of 138. Dr. Lone, in his firſt volume of Aftronomy, has given us 

Mercury and figures of the apparent paths of all the Planets ſeparately from Cas- 

enus repre- 0 . 

ſented, SIN1; and on ſeeing them I firſt thought of attempting to trace ſome 
of them by a machine * that ſhews the motions of the Sun, Mercury, 
Venus, the Earth and Moon, according to the Copernican Syſtem. 
Having taken off the Sun, Mercury, and Venus, I put black-lead 
pencils in their places, with the points turned upward; and fixed a 
circular ſheet of paſte-board ſo, that the Earth kept conſtantly under 
it's center in going round the Sun; and the paſte-board kept its paral- 
leliſm. Then, preſſing gently with one hand upon the paſte-board to 
make it touch the three pencils, with the other hand I turned the 
winch which moves the whole machinery : and as the Earth, together 
with the pencils in the places of Mercury and Venus, had their 

Fig. proper motions round the Sun's pencil, which kept at reſt in the center 

. of the machine, all the three pencils deſcribed a diagram from which 
the firſt Figure of the third Plate is truly copied in a ſmaller ſize. 
As the Earth moved round the Sun, the Sun's pencil deſcribed the 
dotted Circle of Months, whilſt Mercury's pencil drew the curve with 
the greateſt number of loops, and Venus's that with the feweſt. In 
their inferiour conjunctions they come as much nearer the Earth, or 
within the Circle of the Sun's apparent motion round the Heavens, as 
they go beyond it in their ſuperiour conjunctions. On each fide of the 
loops they appear Stationary; in that part of each loop next the Earth 
retrograde; and in all reſt of their paths direct. | | 

If Caffini's Figures of the paths of the Sun, Mercury and Venus were 

ut together, the Figure as above traced out, would be exactly like them: 
It repreſents the Sun's apparent motion round the Ecliptic, 'which is 
the ſame every year; Mercury's motion for ſeven years; and Venus's 
for eight; in which time Mercury's path makes 23 loops, croſſing 
itſelf ſo many times, and Venus's only five. In eight years Venus falls 
ſo nearly into the ſame apparent path again, as to deviate very little 
from it in ſome ages; but in what number of years Mercury and the 
reſt of the Planets would deſcribe the ſame viſible paths over again, 
I cannot at preſent determine, Having finiſhed the above Figure of 
the paths of Mercury and Venus, I put the Ecliptic round them as in 
the Doctor's Book; and added the dotted lines from the Earth to the 
| The Ox RRR fronting the Title-page. 
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The apparent Paths of Mercury and Venus. '*? 


Ecliptic for ſhewing Mercury's apparent or geocentric motion therein PLATE. 
for one year; in which time his path makes three loops, and goes on | 

a little farther ; which ſhews that he has three inferiour, and as many 

ſuperiour conjunctions with the Sun in that time, and alſo that he is 

ſix times Stationary, and thrice Retrograde. Let us now trace out his 


motion for one year in the Figure. 
Suppoſe Mercury to be ſetting out from 4 towards B (between 


the Earth and left-hand corner of the Plate) and as ſeen from the Earth pig. 1. 
his motion will then be direct, or according to the order of the Signs. 
But when he comes to B, he appears to ſtand ſtill in the 23d degree 
of MI, at F, as ſhewn by the line BF. Whilſt he goes from B 
to C, the line BF goes backward from F to E, or contrary to the 
order of Signs; and when he is at C he appears Stationary. at E; 
having gone back 11+ degrees. Now, ſuppoſe him Stationary on 
the firſt of January at C, on the tenth thereof he will appear in the 
Heavens as at 20, near F; on the 2oth he will be ſeen as at G; 
on the 3 iſt at H; on the 1oth of February at I; on the 2oth at | 
K; and on the 28th at L; as the dotted lines ſhew, which are drawn : 
through every tenth day's motion in his looped path, and continued 
to the Ecliptic. On the roth of March he appears at M; on the 
20th at N; and on the 31ſtat O. On the 1oth of April he appears 
Stationary at P; on the 2oth he ſeems to have gone. back again to ; 
O; and on the zoth he appears Stationary at Q, having gone back | 
11 degrees. Thus Mercury ſeems to go forward 4 Signs 11 Degrees, or 2 
131 Degrees; and to go back only 11 or 12 Degrees, at a mean rate. 
From the 3oth of April to the 10th of May, he ſeems to move from 
9 to R; and on the 2oth he is ſeen at &, going forward in the 
ſame manner again, according to the order of letters; and backward 
when they go back ; which, 'tis needleſs to explain any farther, as the 
reader can trace him out fo eaſily through the reſt of the year. The 
ſame appearances happen in Venus's motion; but as ſhe moves ſlower 
than Mercury, there are longer intervals of time between them. 
Having already & 120. given ſome account of the apparent diurnal 
motions of the Heavens as ſeen from the different Planets, we ſhall not 


trouble the reader any more with that ſubject. of 
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CHAP. VI. 


The Ptolemean Syſem refuted. The Motions and Phaſes 
of Mercury and Venus explained. 


139. 1 4 HE Tychonic Syſtem F 97, being ſufficiently refuted by the 
109th Article, we ſhall ſay nothing more about it. 

140. The Ptolemean Syſtem & 96, which aſſerts the Earth to be at 
reſt in the Center of the Univerſe, and all the Planets with the Sun 
and Stars to move round it, is evidently falſe and abſurd. For if 
this hypotheſis were true, Mercury and Venus could never be hid be- 
hind the Sun, as their Orbits are included within the Sun's : and again, 
theſe two Planets would always move direct, and be as often in 
Oppoſition to the Sun as in Conjunction with him. But the contrary 
of all this is true: for they are juſt as often behind the Sun as before 
him, appear as often to move backwards as forwards, and are ſo far 
from being ſeen at any time in the fide of the Heavens oppoſite to the 
Sun, that they were never ſeen a quarter of a circle in the Heavens 
diſtant from him. | 9 8 

141. Theſe two Planets, when viewed with a good teleſcope, appear 
in all the various ſhapes of the Moon; which is a plain proof that they 
are enlightened by the Sun, and ſhine not by any light of their own: 
for if they did, they would conſtantly appear round as the Sun does ; 
and could never be ſeen like dark ſpots upon the Sun when they paſs 
directly between him and us. Their regular Phaſes demonſtrate them 
to be Spherical bodies; as may be ſhewn by the following experiment. 

wp an ivory ball by a thread, and let any Perſon move it round the 


to prove they flame of a candle, at two or three yards diſtance from your Eye: when 


are round. 


the ball is beyond the candle, fo as to be almoſt hid by the flame, it's 
enlightened fde will be towards you, and appear round like the Full 
Moon : When the ball is between you and the candle, it's enlightened 
fide will diſappear, as the Moon does at the Change : When it is half 
way between theſe two poſitions, it will appear half illuminated, like 
the Moon in her Quarters : But in every other place between theſe 
poſitions, it will appear more or leſs horned or gibbous. If this experi- 
ment be made with a circular plate which has a flat ſurface, you may 


make it appear fully enlightened, or not enlightened at all; but can 


never make it ſeem either horned or gibbous. 


142. If 


2 
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142. If you remove about fix or ſeven yards from the candle, and PLATE 11. 
place yourſelf ſo that it's flame may be juſt about the height of your Experiment 
eye, and then deſire the other perſon to move the ball ſlowly round the n- 22 
candle as before, keeping it as near of an equal height with the flame of Mercury 
as he poſſibly can, the ball will appear to you not to move in a circle, and Venus, 
but rather to vibrate backward and forward like a pendulum; moving 
quickeſt when it is directly between you and the candle, and when di- 
rectly beyond it; and gradually flower as it goes farther to the right or 
left ſide of the flame, until it appears at the greateſt diſtance from the 
flame; and then, though it continues to move with the ſame velocity, 
it will ſeem to ſtand ſtill for a moment. In every Revolution it will 
ſhew all the above Phaſes F 141; and if two balls, a ſmaller and a greater, 
be moved in this manner round the candle, the ſmaller ball being 
kept neareſt the flame, and carried round almoſt three times as often 
as the greater, you will have a tolerably good repreſentation of the 
apparent Motions of Mercury and Venus; eſpecially, if the bigger ball 
deſcribes a circle almoſt twice. as large in diameter as the circle deſcribed 
by the leſſer. 75 | Py 

143. Let ABCDE be a part or ſegment of the viſible Heavens, in Fig. III. 
which the Sun, Moon, Planets, and Stars appear to move at the ſame 
diſtance from the Earth E. For there are certain limits, beyond which 
the eye cannot judge of different diſtances; as is plain from the Moon's 
appearing to be no nearer to us than the Sun' and Stars are. Let the 
circle /241kImno be the Orbit in which Mercury m moves round the 
Sun &, according to the order of the letters. When Mercury is at 7, 
he diſappears to the Earth at E, becauſe his enlightened fide is 
turned from it; unleſs he be then in one of his Nodes F 20, 25 ; The elonga- 
in which caſe, he will appear like a dark ſpot upon the Sun. When pm ot orf 
he is at g in his Orbit, he appears at Bin the Heavens, weſtward of Mercuryfrom 
the Sun S, which is ſeen at C: when at h, he appears at A, at his the Sun. 

reateſt weſtern elongation or diſtance from the Sun; and then ſeems 
to ſtand ſtill. But, as he moves from 5 to 1, he appears to go from 
A to B; and ſeems to be in the ſame place when at 7 as when he was 
at g, only not near ſo big: at & he is hid from the Earth E by the Sun 
S; being then in his ſuperiour Conjunctior: In going from & to /, 
he appears to move from C to D; and when he is at , he appears 
ſtationary at E; being ſeen as far eaſt from the Sun then, as he was 
welt from him at A. In going from u to o in his Orbit, he ſeems to go 
back again in the Heavens, from E to D; and is ſeen in the ſame 
place (with reſpe& to the Sun) at o as when he was at /; but of a 


larger diameter at o, becauſe he is then nearer the Earth E: and 
| 1 2 when 
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PLATE Il. when he comes to /, he again _ by the Sun, and diſappears as 
before. In going from 7: to h in his Orbit, he ſeems to go backward in 
the Heavens from E to A; and in going from h to n, he ſeems 
to go forward from A to E. As he goes on from f a little of his en- 
lightened fide at g is ſeen from E; at þ he appears half full, becauſe 
half of his enlightened fide is ſeen ; at i, gibbous, or more than half 
full; and at 4 he would appear quite full, were he not hid from the 
Earth E by the Sun S. At / he appears gibbous again; at » half 
decreaſed, at o horned, and at F new like the Moon at her Change. 
He goes ſooner from his eaſtern ſtation at 7 to his weſtern ſtation at 5 
than from h̊ to x again; becauſe he goes through leſs than half his Orbit 
in the former caſe, and more in the latter. | 

Fig. III. 144. In the ſame Figure, let FGHIKL MN be the Orbit in which 
Venus v moves round the Sun 5, according to the order of the letters : 

The Elonga- and let E be the Earth as before. When Venus is at F ſhe is in her 

—_ inferiour Conjunction; and diſappears like the New Moon becauſe 

Venus. her dark fide is toward the Earth. At G ſhe appears half enlightened 
to the Earth, like the Moon in her firſt quarter: at h ſhe appears 
gibbous; at J, almoſt full; her enlightened fide being then nearly 
towards the Earth: at K, ſhe would appear quite full to the Earth E; 
but is hid from it by the Sun S: at L, the appears upon the decreaſe, 
or gibbous; at M, more ſo; at NM. only half enlightened; and at F 
ſhe diſappears again. In moving from N to G, ſhe ſeems to go 

The greateſt backward in the Heavens; and from G to N, forward: but, as ſhe 

_ ations qeſcribes a much greater portion of her Orbit in going from G to N 

Aud Venus than from N to G, ſhe appears much lon ger direct than retrograde in 
her motion. At N and G ſhe appears ſtationary; as Mercury does 
at u and h. Mercury, when ſtationary ſeems to be only 28 degrees 
from the Sun; and Venus when ſo, 47; which is a demonſtration 
that Mercury's Orbit is included within Venus's, and Venus's within 
the Earth's. 

Morning and 145. Venus, from her ſuperiour Conjunction at K to her inferiour 

Evening Star, Conjunction at F'is ſeen on the eaſt fide of the Sun S from the Earth 

* E; and therefore ſne ſhines in the Evening after the Sun ſets, and is 

called the Evening Star : for, the Sun being then to the weſtward of 

Venus, he muſt ſet firſt. From her inferiour Conjunction to her 

ſuperiour, ſhe appears on the weſt ſide of the Sun; and therefore riſes 

before him, for which reaſon ſhe is called the Morning Star. When 
ſhe is about N or G, ſhe ſhines fo bright, that bodies caſt ſhadows in 
the night-time. 
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146. If the Earth kept always at E, it is evident that the Stationary PLATE II. 
places of Mercury and Venus would always be in the ſame points of the 
Heavens where they were before. For example; whilſt Mercury m 

oes from h to n, according to the order of the letters, he appears to 
deſcribe the arc ABCDE in the Heavens, direct: and whilſt he 
goes from x to h, he ſeems to deſcribe the ſame arc back again, from The ſtation- 
E to A. retrograde: always at n and 6 he appears ſtationary at the??? _ 
ſame points E and A as before. But Mercury goes round his variable. 
Orbit, from F to F again, in 88 days; and yet there are 116 days 
from any one of his Conjunctions, or apparent Stations, to the ſame 
again: and the places of theſe Conjunctions and Stations are found to 
be about 114 degrees eaſtward from the points of the Heavens where 
they were laſt before; which proves, that the Earth has not kept all 
that time at Z, but has had a progreſſive motion in it's Orbit from E 
to r. Venus alſo differs every time in the places of her Conjunctions 
and Stations ; but much more than Mercury ; becauſe, as Venus de- 
ſcribes a much larger Orbit than Mercury does, the Earth advances 
ſo much the farther in it's annual path before Venus comes round 
again. | 

7 As Mercury and Venus, ſeen from the Earth, have their re- The Elon 
ſpective Elongations from the Sun, and Stationary places; ſo has the gan, 1 
Earth, ſeen from Mars; and Mars, ſeen from Jupiter; and Jupiter, riour Planets 
ſeen from Saturn, That is, to every ſuperiour Planet, all the inferiour eee from 
ones have their Stations and Elongations; as Venus and Mercury have 
to the Earth. As ſeen from Saturn, Mercury never goes above 2+ 
degrees from the Sun; Venus 4+; the Earth 6; Mars 9+; and Ju- 
piter 33+: ſo that Mercury, as ſeen from the Earth, has almoſt as 
great a Digreſſion or Elongation from the Sun, as Jupiter ſeen from 


Saturn. 
148. Becauſe the Earth's Orbit is included within the Orbits of f proofof my 


Mars, Jupiter, and Saturn, they are ſeen on all ſides of the Heavens; motion. 
and are as often in Oppoſition to the Sun as in Conjunction with him. 
If the Earth ſtood ſtill, they would always appear direct in their motions, 
never retrograde nor ſtationary. But they ſeem to go juſt as often back- 
ward as forward; which, if gravity be allowed to exiſt, affords a ſuf- 
ficient proof of the Earth's annual motion. 

149. As Venus and the Earth are ſuperiour Planets to Mercury, 
they ſhew much the ſame Appearances to him that Mars and Jupiter 
do to us. Let Mercury m be at /, Venus v at F, and the Earth at Fig. DL 
E; in which ſituation Venus hides the Earth from Mercury; 


but, being in oppoſition to the Sun, ſhe ſhines on Mercury with a full 
I illumined 


54 
PLATE II. illumined Orb; though, with reſpect to the Earth, ſhe is in conjunc- 
General Phe- tion with the Sun and inviſible. When Mercury is at /, and Venus 


nomena of a 
ſuperiour 
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Gravitation 


and Projecti- 


On. 


Fig. IV. 


The phyfical Cauſe of 


at G, her enlightened fide not being directly towards him, ſhe appears 
a little gibbous; as Mars does in a like fituation to us: but, when 
Venus is at I, her enlightened fide is fo much towards Mercury at 7, 
that ſhe appears to him almoſt of a round figure. At K, Venus diſ- 
appears to Mercury at /, being then hid by the Sun; as all our ſu- 
periour Planets are to us, when in conjunction with the Sun. When 
Venus has, as it were, emerged out of the Sun beams, as at L, ſhe 
appears almoſt full to Mercury at /: at M and N, a little gibbous; 
quite full at F, and largeſt of all; being then in oppoſition to the Sun, 
and conſequently neareſt to Mercury at /; ſhining ſtrongly on him in 
the night, becauſe her diſtance from him then is ſomewhat leſs than a 
fifth part of her diſtance from the Earth, when ſhe appears roundeſt to 
it between J and K, or between K and L, as ſeen from the Earth E. 
Conſequently, when Venus is oppoſite to the Sun as ſeen from Mer- 
cury, the appears more than 25 times as large to him as ſhe does to us 
when at the fulleſt. Our caſe is almoſt ſimilar with reſpect to Mars, 
when he is oppoſite to the Sun; becauſe he is then ſo near the Earth, 
and has his whole enlightened fide towards it. But, becauſe the Orbits 
of Jupiter and Saturn are very large in proportion to the Earth's, theſe 
two Planets appear much leſs magnified at their Oppoſitions or dimi- 
niſhed at their Conjunctions than Mars does, in proportion to their 
mean apparent Diameters. = 


CHAP. Vil 15 

The phyſical Cauſes of the Motions of the Planets. The Ex- 
centricities of their Orbits. The Times in which the Ac- 
tion of Gravity would bring them to the Sum. ARcHI- 


MEDES's ideal Problem for moving the Earth The 
World not eternal. 


150. F ROM the uniform projectile motion of bodies in ſtraight 
lines, and the univerſal power of attraction, ariſes the cur- 

vilineal motions of all the Heavenly bodies. If the body 4 be pro- 

jected along the right line AB, in open Space, where it meets with 

no reſiſtance, and is not drawn afide by any other power, it will for 

ever go on with the ſame velocity, and in the fame direction. For, 
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the force which moves it from A to B in any given time, will carry PLATE II. 
it from B to X in as much more time; and ſo on, there being no- 88 
thing to obſtruct or alter it's motion. But if, when this projectile force wn 928 


has carried it, ſuppoſe to B, the body & begins to attract it, with a 
power duly adjuſted, and perpendicular to it's motion at B, it will 
then be drawn from the ſtraight line ABX, and forced to revolve about 


S in the Circle BYTU. When the body A comes to U, or any other Fig. IV. 


part of it's Orbit, if the ſmall body u, within the ſphere of Us attrac- 
tion, be projected as in the right line Z, with a force perpendicular to 
the attraction of U, then #4 will go round V in the Orbit V, and ac- 
company it in it's whole courſe round the body S. Here, & may re- 
preſent the Sun, U the Earth, and u the Moon. | 


151. If a Planet at B gravitates, or is attracted, toward the Sun, ſo 
as to fall from B to y in the time that the projectile force would have 
carried it from B to X, it will deſcribe the curve BY by the com- 
bined action of theſe two forces, in the ſame time that the projectile 
force ſingly would have carried it from B to A, or the gravitating power 
ſingly have cauſed it to deſcend from B to y; and theſe two forces be- 
ing duly proportioned, and perpendicular to one another, the Planet 
obeying them both, will move in the circle BYTU*®. 

152. But if, whilſt the projectile force carries the Planet from B to 
6, the Sun's attraction (which conſtitutes the Planet's gravitation) 
ſhould bring it down from B to 1, the gravitating power would then 
be too ſtrong for the projectile force; and would cauſe the Planet to 


deſcribe the curve BC. When the Planet comes to C, the gravitating Elliptical 
wer (which always increaſes as the ſquare of the diſtance from the Orbits. 


Sun & diminiſhes) will be yet ſtronger for the projectile force; and by 
confpiring in ſome degree therewith, will accelerate the Planet's motion 
all the way from C to K; cauſing it to deſcribe the arcs BC, CD, 
DE, EF, &c. all in equal times. Having it's motion thus accelerated, 
it gains ſo much centrifugal force, or tendency to fly off at K in the 
line N, as overcomes the Sun's attraction: and the centrifugal force 
being top great to allow the Planet to be brought nearer the Sun, or 
even to move round him in the Circle Enn, &c. it goes off, and 
aſcends in the curve KLMN, &c. it's motion decreaſing. as gradually 
from & to B as it increaſed from B to K, becauſe the Sun's attraction 
acts now againſt the Planet's projectile motion juſt as much as it 


* To make the projectile force balance the gravitating power ſo exactly as that the 
body may move in a Circle, the projectile velocity of the body muſt be ſuch as it would 
have acquired. by gravity alone in falling through half the radius. 4 

ce 
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PLATE II. acted with it before. When the Planet has got round to B, it's pro- 
jectile force is as much diminiſhed from it's mean ſtate about G or N. 
as it was augmented at K; and fo, the Sun's attraction being more 
than ſufficient to keep the Planet from going off at B, it deſcribes the 
ſame Orbit over again, by virtue of the ſame forces or laws. 


153. A double projectile force will always balance a quadruple 
power of gravity. Let the Planet at B have twice as great an impulſe 
from thence towards X, as it had before: that is, in the ſame length 
of time that it was projected from B to 6, as in the laſt example, let it 
now be projected from B to c; and it will require four times as much 
gravity to retain it in it's Orbit: that is, it muſt fall as far as from B 
to 4 in the time that the projectile force would carry it from B to c; 

Fig. IV. otherwiſe it could not deſcribe the curve BD, as is evident by the 
Figure. But, in as much time as the Planet moves from B to C in 
The Planets the higher part of it's Orbit, it moves from 7 to K or from K to L in 
2 equalthe lower part thereof; becauſe, from the joint action of theſe two 
24/95 the forces, it muſt always deſcribe equal areas in equal times, throughout 
it's annual courſe. Theſe Areas are repreſented by the triangles 
BSC, CSD, DSE, ESF, &c. whoſe contents are equal to one an- 
other, quite round the Figure. | 1 
A difficulty 154. As the Planets approach nearer the Sun, and recede farther | 
removed. from him, in every Revolution; there may be ſome difficulty in con- 
ceiving the reaſon why the power of gravity, when it once gets the 
better of the projectile force, does not bring the Planets nearer and 
nearer the Sun in every Revolution, till they fall upon and unite with 
him. Or why the projectile force, when it once gets the better of gra- 
vity, does not carry the Planets farther and farther from the Sun, till 
it removes them quite out of the ſphere of his attraction, and cauſes 
them to go on in ſtraight lines for ever afterward. But by conſiderin 
the effects of theſe powers as deſcribed in the two laſt Articles, this 
difficulty will be removed. Suppoſe a Planet at B to be carried by 
the projectile force as far as from B to 5, in the time that gravity would 
have brought it down from B to 1: by theſe two forces it will deſcribe 
the curve BC. When the Planet comes down to K, it will be but half 
as far from the Sun & as it was at B; and therefore, by gravitating four 
times as ſtrongly towards him, it would fall from K to in the fame 
length of time that it would have fallen from B to 1 in the higher 
part of it's Orbit, that is, through four times as much ſpace ; but it's 
rojectile force is then ſo much increaſed at K, as would carry it from 
K to & in the ſame time; being double of what it was at B, and is 
| therefore 
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therefore too ſtrong for the tendency of the gravitating power, either to 
draw the Planet to the Sun, or cauſe it to go round him in the 
circle Xin, &c. which would require it's falling from & to , through . 
a greater ſpace than gravity can draw it whilſt the projectile force is ſuch 
as would carry it from K to &: and therefore the Planet aſcends in 
it's Orbit KLMN, decreaſing in it's velocity for the cauſe already aſ- 


ſigned in & 152. * 

155. The Orbits of all the Planets are Ellipſes, very little different ThePlanetary 
from Circles: but the Orbits of the Comets are very long Ellipſes; the dt ellip- 
lower focus of them all being in the Sun. If we ſuppoſe the mean 
diſtance (or middle between thę greateſt and leaſt) of every Planet and Their Excen- 
Comet from the Sun to be divided into 1000 equal parts, the Excen -- 
tricities of their Orbits, both in ſuch parts and in Engliſb miles, will 
be as follows. Mercury's, 210 parts, or- 6,720,000, miles; Venus s, 

7 parts, or 413, ooo miles; the Earth's, 17 parts, or 1, 377, ooo miles; 
Mars's, 93 parts, or 11, 439,00 miles; Jupiter's, 48 parts, or 
20,352,000 miles; Saturn's, 55 parts, or 42, 73 5 0 miles. Of 


the neareſt of the three forementioned Comets, 1,458,000, miles; 


of the middlemoſt, 2, oa 5, ooo, ooo miles; and of the outermoſt, 
6, Goo, ooo, ooo. rol br it 100 211 857 

156. By the above-mentioned laws & 150 & ' bodies will move The above 
in all kinds of Ellipſes, whether long or ſhort, if _ ſpaces they ns 
in be void of reſiſtance. _ Only, thoſe which, move in the longer both in circu- 
Ellipſes, have ſo much the leſs projectile force impreſſed upon then! and ellip- 
in the higher parts of their Orbits; and their velocities, in coming mY 
down towards the Sun, are ſo prodigiouſly increaſed by his attraction, 
that their centrifugal forces in the lower parts of their Orbits are ſo great 
as to overcome the Sun's attraction there, and cauſe them to aſcend 
again towards the higher parts of their Orbits; during which time, tze 
Sun's attraction acting ſo contrary to the motions of thoſe bodies, cauſes 
them to move ſlower and ſlower, until their projectile forces are dimi- 
niſhed almoit to nothing; and then they are brought back again by 
the Sun's attraction, as before. Ut He ett 4rd 

157. If the projectile forces of all the Planets and Comets were In what times 
deſtroyed at their mean diſtances from the Sun, their gravities' would e gen | 
bring them down ſo, as that Mercury would fall to the Sun in 15 days the Sun by 
13 hours; Venus in 39 days 17 hours: the Earth or Moon in 64 che power of 
days 10 hours; Mars in 12 1 days; Jupiter in 290; and Saturn in? . 
767. The neareſt Comet in 13 thouſand days; the middlemoſt in 
23 thouſand days; and the outermoſt in 66 thouſand days. * 

I oon 
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Moon would fall to the Earth in 4 days 20 hours; Jupiter's firſt 
Moon would fall to him in 7 hours, his ſecond in' 15, his third 
in 30, and his fourth in 71 hours. Saturn's firſt Moon would fall to 
him in 8 hours; his ſecond in 12, his third in 19, his fourth 'in 
68 hours, and the fifth in 336. A ſtone would fall to the Earth's 
center, if there were an hollow paſſage, in 21 minutes 9 ſeconds. 
Mr. WrisToN gives the following Rule for ſuch Computations: 
ce It is demonſtrable, that half the Period of any Planet, when it is di- 
miniſhed in the ſeſquialteral proportion of the number 1 to the number 2, 
or nearly in the proportion of 1000 to 2828, is the time that it would 
fall to the Center of it's Orbit.“ This proportion is, when a quan- 
tity or number contains another once and a half as much more. 


The prodigi- 158. The quick motions of the Moons of Jupiter and Saturn round 
ous attraction their Primaries, demonſtrate that theſe two Planets have ſtronger at- 
— - 4-0] tractive powers than the Earth has. For, the ſtronger that one body 
attracts another, the greater muſt be the projectile force, and conſe- 
quently the quicker muſt be the motion of that other body, to keep 
it from falling to it's primary or central Planet. Jupiter's ſecond 
Moon is 124 thouſand miles farther from Jupiter than our Moon is 
from us; and yet this ſecond Moon goes almoſt eight times round 
Jupiter whilſt our Moon goes only once round the Earth. What a 
prodigious attractive power muſt the Sun then have, to draw all the 
Planets and Satellites of the Syſtem towards him; and what an amaz- 
ing power muſt it have required to put all theſe Planets and Moons 
into ſuch rapid motions at firſt! Amazing indeed to us, becauſe im- 
poſſible to be effected by the ſtrength of all the living Creatures in an 
unlimited number of Worlds, but no ways hard for the Almighty, 

whoſe Planetarium takes in the whole Univerſe! 
Axcnms- 159. The celebrated ArRcniMEDEs affirmed he could move the 
ps*'s Problem Earth if he had a place to ſtand on to manage his machinery +, This 
Ear. aſſertion is true in Theory, but, upon examination, will be found abſo- 
lutely impoſſible in fact, even though a proper place and materials of 
ſufficient ſtrength could be had. | 
The ſimpleſt and eaſieſt method of moving a heavy body a little 
way is by a lever or crow, where a ſmall weight or power applied to 
the long arm will raiſe a great weight on the ſhort one. But then, 
the ſmall weight muſt move as much quicker than the great weight 


* Aſtronomical Principles of Religion, p. 66. 1 5 

+ Abe ns cd, xai r noowev mimowy i. 6 Give me a place to ftand on, and I ſhall 
move the Earth. | | OT 2 
| 2 | | To 


1 
3 
"A 

. 
3 
£0 
"£0 Iv.x 
Betta 
= if 
2 
"Hh 
78 
SY 
* it 53 
1 > 
EN 
as - * 


- the Planets motionts. 


as the latter is heavier than the former; and the length of the long 
arm of the lever to the length of the ſhort arm muſt be in the ſame 
proportion. Now, ſuppole a man pulls or preſſes the end of 


the long arm with the force of 200 pound weight, and that the 


Earth contains in round Numbers 4, ooo, ooo, ooo, ooo, ooo, ooo, ooo 
or 4000 Trillions of cubic feet, each at a mean rate weighing 100 
und; and that the prop or center of motion of the lever is 6000 


po 
miles from the Earth's center: in this caſe, the length of the lever from 


the Fulcrum or center of motion to the moving power or weight ought 
to be 12, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo of 12 Quadrillions of 
miles; and ſo many miles muſt the power move, in order to raiſe the 
Earth but one mile, whence 'tis eaſy to compute, that if ARCHIMEDES 
or the power applied could move as iwift as a cannon bullet, it would 
= 27,000,000,000,000 or 27 Billions of years to raiſe the Earth one 
inch. 

If any other machine, ſuch as a combination of wheels and ſcrews, 
was propoſed to move the Earth, the time it would require, and the 
ſpace gone through by the hand that turned the machine, would be 
the ſame as before. Hence we may learn, that however boundleſs our 


Imagination and Theory may be, the actual operations of man are 
confined within narrow — and more ſuited to our real wants than 


to our deſires. 


160. The Sun and Planets mutually attract each other: the power Hard to deter- 


mine what 
Gravity is. 


by which they do ſo we call Gravity. But whether this power be 
mechanical or no, is very much diſputed. We are certain that the 
Planets diſturb one another's motions by it, and that it decreaſes ac- 
cording to the ſquares of the diſtances of the Sun and Planets z as 
light, which is known to be material, likewiſe does. Hence Gravity 
ſhould ſeem to ariſe from the agency of ſome ſubtile matter preſſing 
towards the Sun and Planets, and acting, like all mechanical cauſes, 
by contact. But on the other hand, when we conſider that the degree 
or force of Gravity is exactly in proportion to the quantities of matter in 
thoſe bodies, without any regard to their bulks or quantity of ſurface, 
acting as freely on their internal as external parts, it ſeems to ſurpaſs 
the power of mechaniſm; and to be either the immediate agency of 
the Deity, or effected by a law originally eſtabliſhed and impreſt on all 
matter by him. But ſome affirm that matter, being altogether inert, 
cannot be impreſſed with any Law, even by almighty Power : and that 
the Deity muſt therefore be conſtantly impelling the Planets toward 


the Sun, and moving them with the ſame irregularities and diſturbances 
I 2 which 
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which Gravity would cauſe, if it could be ſuppoſed to exiſt. But, if a 
man may venture to publiſh his own thoughts,” (and why ſhould not 
one as well as another?) it ſeems to me no greater abſurdity, to ſup- 
poſe the Deity capable of ſuperadding a Law, or what Laws he pleaſes, 
to matter, than to ſuppoſe him capable of giving it exiſtence at firſt. 
The manner of both is equally inconceivable to us; but neither of them 
imply a contradiction in our ideas: and what implies no contradiction 
is within the power of Omnipotence. Do we not ſee that a human 
creature can prepare a bar of ſteel ſo as to make it attract needles and 
filings of iron; and that he can put a ſtop to that power or virtue, and 
again call it forth again as often as he pleaſes ? To ſay that the workman 
infuſes any new power into the bar, is ſaying too much; ſince the needle 
and filings, to which he has done nothing, re- attract the bar. And 
from this it appears that the power was originally impreſt on the matter 
of which the bar, needle, and filings are compoſed ; but does not ſeem 
to act until the bar be'properly-prepared by the artificer: ſomewhat 
like a rope coiled up in a ſhip, which will never draw a boat or any 
other thing towards the ſhip, unleſs one end be tied to it, and the 
other end to that which is to be hauled up; and then it is no. matter 
which end of the rope the ſailors pull at, for the rope will be equally 
ſtretched throughout, and the ſhip and boat will move towards one an- 
other. To ſay that the Almighty has infuſed no ſuch virtue or power 
into the materials which compoſe the bar, but that he waits till the - 
operator be pleaſed to prepare it by due poſition and friction, and then, 2 
when the needle or filings are brought pretty near the bar, the Deity : 
preſſes them towards it, and withdraws his hand whenever the work- 1 
man either for uſe, curioſity or whim, does what appears to him to 1 
deſtroy the action of the bar, ſeems quite ridiculous and trifling ; as it 1 
ſuppoſes God not only to be ſubſervient to our inconſtant wills, but 3 
alſo to do what would be below the dignity of any rational man to be x 
employed about. | | | = | 
161. That the projectile force was at firſt given by the Deity is 1 

evident. For, ſince matter can never put itſelf into motion, and all 
bodies may be moved in any direction whatſoever; and yet all the 
Planets both | 76 gant and ſecondary move from welt to eaſt, in planes 
nearly coincident ; whilſt the Comets move in all directions, and in 
planes fo different from one another; theſe motions can be owing to no 
mechanical cauſe of neceſſity, but to the free choice and power of an 
intelligent Being. 

$71} | | 1 | | 102, Whatever 


* 5 


=) 


the Planets Motions. 


162. Whatever Gravity be, tis plain that it acts every moment of 
time: for ſhould it's action ceaſe, the projectile force would inſtantly 
carry off the Planets in ſtraight lines from thoſe parts of their Orbits 
where Gravity left them. But, the Planets being once put into motion, 
there is no occaſion for any new projectile force, unleſs they meet with 
ſome reſiſtance in their Orbits; nor for any mending hand, unleſs they 
diſturb one another too much by their mutual attractions. 
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163. It is found that there are diſturbances among the Planets in The Planets 


their motions, ariſing from their mutual attractions when they are in the 


diſturb one 
another's 


ſame quarter of the Heavens; and that our years are not always pre- motion. 


ciſely of the ſame length“. Pefides, there is reaſon to believe that 
the Moon is ſomewhat nearer the Earth now than ſhe was formerly; 


her periodical month being ſhorter than it was in former. ages. For, The conſe- 


our Aſtronomical Tables, which in the preſent Age ſhew the times of 
Solar and Lunar Eclipſes to great preciſion, do not anſwer ſo well for 
very ancient Eclipſes. Hence it appears, that the Moon does not 
move in a medium void of all reſiſtance, $ 174; and therefore her 
projectile force being a little weakened, whilſt there is nothing to di- 
miniſh her gravity, ſhe muſt be gradually approaching nearer the Earth, 
deſcribing ſmaller and ſmaller Circles round it in every revolution, and 
finiſhing her Period ſooner, although her abſolute motion with regard to 
ſpace be not ſo quick now as it was formerly: and therefore, ſhe muſt 
come to the Earth at laſt; unleſs that Being, which gave her a ſufficient 
projectile force at the beginning, adds a little more-to it in due time. 
And, as all the Planets move in ſpaces full of ether and light, which 
are material ſubſtances, they too muſt meet with ſome reſiſtance: 
And therefore, if their gravities are not diminiſhed, nor their projectile 
forces increaſed, they muſt neceſſarily approach nearer and nearer the 
Sun, and at length fall upon and unite with him. | 


uences 
ereof. 


164. Here we have a ſtrong philoſophical argument againſt the eter- The World 


nity of the World. For, had it exiſted from eternity, and been left not eternal, 


* If the Sun was not agitated about the common center of gravity of the whole Sy- 
ſtem, and the Planets did not act mutually upon one another, their Orbits would be ellipti- 
cal, and the areas deſcribed by them would be exactly proportionate to the times of 
deſcription $ 153. But obſervations prove that theſe areas are not in ſuch exact pro- 
portion, and are molt varied when the greateſt number of Planets are in any parti- 
cular quarter of the Heavens. When any two Planets are in conjunction, their mutual 
attractions, which tend to bring them nearer to one another, draws the inferior one a 
little farther from the Sun, and the ſuperior one a little nearer to him; by which means, 
the figure of their Orbits is ſomewhat altered; but this alteration is too ſmall to be 


by 


_ diſcovered in ſeveral ages. 


Concerning the Nature and 


by the Deity to be governed by the combined actions of the above 
forces or powers, generally called Laws, it had been at an end long 
ago. And if it be left to them it muſt come to an end. But we 
may be certain that it will laſt as long as was intended by it's Author, 
who ought no more to be found fault with for framing fo periſhable a 
work, \ for making man mortal. 


CHAP. VII. 

Of Light. It's proportional quantities on the different 
Planets, It's Refraftions in Water and Air. The 
Atmoſphere; it's weight and properties. The Hori- 
Sontal Moon. 


165. | conſiſts of exceeding ſmall particles of matter iſſu- 
ing from a luminous body; as from a lighted candle 
ſuch particles of matter continually flow in all directions. Dr. 


The amazin a 
mallnefs of NIEWENTYT * computes, that in one ſecond of time there flows 


the particles 418, 660, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo, ooo 


* particles of light out of a — candle; which number contains at 


leaſt 6, 337, 242, ooo, ooo times the number of grains of ſand in the 
vrhole ſuppoſing 100 grains of ſand to be equal in length to an 
inch, and conſequently, every cubic inch of the Earth to contain one 
8 u million of ſuch grains. 0 7 
effects tha 166. Theſe amazingly ſmall particles, by ſtriking upon our eyes, 
would enſue excite in our minds the idea of light: and, if they were fo large as 
On 1 the ſmalleſt particles of matter diſcernible by our beſt microſcopes, 
5 "3" inſtead of being ſerviceable to us, they would ſoon deprive us of fight 
by the force ariſing from their immenſe velocity, which is above 164. 
thouſand miles every ſecond , or 1,230,000 times ſwifter than the 
motion of a cannon bullet. And therefore, if the particles of light 
were ſo large, that a million of them were equal in bulk to an ordi- 
any grain of ſand, we durſt no more open our eyes to the light than 
How objects ſuffer ſand to be ſhot point blank againſt them. | | 
become viſi- 167. When theſe ſmall particles, flowing from the Sun or from a 
ble tous. candle, fall upon bodies, and are thereby reflected to our eyes, they 
excite in us the idea of that body by forming it's picture on the retina J. 
# Religious Philoſopher, Vol. III. page 65. 
+ This will be demonſtrated in the eleventh Chapter. 
+ A fine net-work membrane in the bottom of the eye. 


And 
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And ſince bodies are viſible on all ſides, light muſt be reflected from PLATE II. 


them in all directions. 1 f 
168. A ray of light is a continued ſtream of theſe particles, flowing The rays of 


ht natu- 


from any viſible body in ſtraight lines. That they move in ſtraight, L. 
and not in crooked — unleſs they be refracted, — from — fralght lines. 
not being viſible if we endeavour to look at them through the bore of a 

bended pipe; and from their ceaſing to be ſeen by the interpoſition of 

other bodies, as the fixed Stars by the interpoſition of the Moon and 

Planets, and the Sun wholly or in part by the interpoſition of the 

Moon, Mercury, or Venus. And that theſe rays do not interfere, or A proof that 
joſtle one another out of their ways, in flowing from different bodies my — 
all around, is plain from the following Experiment. Make a little others mo. 
hole in a thin plate of metal, and ſet the plate upright on a table, tons. 
facing a row of lighted candles ſtanding by one another; then place a 

ſheet of paper or paſteboard at a little diſtance from the other fide of 

the plate, and the rays of all the candles, flowing through the hole, 

will form as many ſpecks of light on the paper as there are candles 

before the plate, each ſpeck as diſtinct and large, as if there were 

only one candle to caſt one ſpeck; which ſhews that the rays are no- 
hinderance to each other in their motions, although they all croſs in 


the hole. 


169. Light, and therefore heat fo far as it depends on the Sun's ray 

($ 85, towards the end) decreaſes in proportion to the ſquares of > a 

diſtances of the Planets from the Sun. This is eaſily demonſtrated by 

a Figure which, together with it's deſcription, I have taken from Dr. 

SMITH's Optics “. Let the light which flaws from a point A, and Fig. XI. 
paſſes through a ſquare hole B, be received upon a plane C, parallel 

to the plane of the hole; or, if you pleaſe, let the figure C be the 

ſhadow of the plane B; and when the diſtance C is double of B, the in what pro- 
length and breadth of the ſhadow C will be each double of the lengthpo:tion lighe 
and breadth of the plane B; and treble when AD is treble of AB creaſe at — 
and ſo on: which may be eaſily. examined by the light of a candle given diſtance 
placed at A. Therefore the ſurface of the ſhadow C, at the diſtanceſtom the Sun, 
AC double of AB, is diviſible into four ſquares, and at a treble di- 

ſtance, into nine ſquares, ſeverally equal to the ſquare B, as repre- 

ſented in the Figure. The light then which falls upon the plane B, 

being ſuffered to paſs to double that diſtance, will be uniformly. 

_ over four times the ſpace, and conſequently will be four times 

thinner in every part of that ſpace, and at a treble diſtance it will be 


* Book I. Art. 57. wag 
nine 


\ 
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PLATE II. nine times thinner, and at a quadruple diſtance fixteen times thinner, 

than it was at firſt; and ſo on, according to the increaſe of the ſquare 

ſurfaces B, C, D, E, built upon the diſtances AB, AC, AD, AE. 

' Conſequently, the quantities of this rarefied light received upon a ſur- 

face of any given ' ſize and ſhape whatever, removed ſucceflively to 

theſe ſeveral diſtances, will be but one quarter, one ninth, one ſixteenth 

of the whole quantity received by it at the firſt diſtance AB. Or in 

general words, the denſities and quantities of light, received upon any 

given plane, are diminiſhed in the ſame proportion as the ſquares of 

the diſtances of that plane, from the luminous body, are increaſed : 
and on the contrary, are increaſed in the ſame proportion as theſe 

ſquares are diminiſhed. | | 
Why the Pla- 170. The more a teleſcope magnifies the diſks of the Moon and 
nets appear Planets, they appear ſo much dimmer than to the bare eye; becauſe 
ant res Wh teleſcope cannot magnify the quantity of light, as it does the ſur- 
teleſcopes face; and, by ſpreading the ſame quantity of light over a ſurface fo 
than by the much larger than the naked eye beheld, juſt ſo much dimmer muſt it 


bare eye. appear when viewed by a teleſcope than by the bare eye. 


171. When a ray of light paſſes out of one medium “ into another, 
it is refracted, or turned out of it's firſt courſe, more or leſs, as it falls 
more or leſs obliquely on the refracting ſurface which divides the two 
mediums. This may be proved by ſeveral experiments; of which 
we ſhall only give three for example's ſake. 1. In a baſon FGH put 

Fig. VIII. a piece of money as DB, and then retire from it as to A, till the 
edge of the baſon at E juſt hides the money from your fight : then, 
keeping your head ſteady, let another perſon fill the baſon gently with 
water. As he fills it, you will ſee more and more of the piece DB; = | 

Refraction of which will be all in view when the baſon is full, and appear as if lifted 2 

re ys of up to C. For, the ray AEB, which was ſtraight whilſt the baſon was 4H 
ght. : | 
empty, is now bent at the ſurface of the water in E, and turned out 

of it's rectilineal courſe into the direction ED. Or, in other words, 

the ray DEX, that proceeded in a ſtraight line from the edge D whilſt 

the baſon was empty, and went above the eye at A, is now bent at E; 

and inſtead of going on in the rectilineal direction DEK, goes in the 

angled direction DEA, and by entering the cye at A renders the object 

DB viſible. Or, 2dly, place the baſon where the Sun ſhines obliquely, 

and obſerve where the ſhadow of the rim E falls on the bottom, as at 


* A medium, in this ſenſe, is any tranſparent body, or that through which the rays 
of light can paſs; as water, glaſs, diamond, air; and even a vacuum is ſometimes 


called a Medium. 
2 | | 8B : 


Properties of Light. 
B: then fill it with water, and the ſhadow will fall at D; which 


proves, that the rays of light, falling obliquely on the ſurface of the 


water, are refracted, or bent downwards into it. 


172. The leſs obliquely the rays of light fall upon the ſurface 1 


any medium, the leſs they are refracted; and if they fall perpendicu- 
larly thereon, they are not refracted at all. For, in the laſt experi- 
ment, the higher the Sun riſes, the leſs will be the difference between the 
places where the edge of the ſhadow falls, in the empty and full baſon. 
And, 3dly, if a ſtick be laid over the baſon, and the Sun's rays be re- 
flected perpendicularly into it from a looking-glaſs, the ſhadow of the 
ſtick will fall upon the ſame place of the bottom, whether the baſon 


be full or empty. | 
173. The denſer that any medium is, the more is light refracted 


in paſſing through it. 
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174. The Earth is ſurrounded by a thin fluid maſs of matter, called The Atmo- 


the Air, or Atmoſphere, which gravitates to the Earth, revolves with it“ ere. 


in it's diurnal motion, and goes round the Sun with it every year. 
This fluid is of an elaſtic or ſpringy nature, and it's lowermoſt parts 
being preſſed by the weight of all the Air above them, are ſqueezed the 
cloſer together; and are therefore denſeſt of all at the Earth's ſurface, 
and gradually rarer the higher up. It is well known * that the Air 
near the ſurface of our Earth poſſeſſes a ſpace about 1200 times greater 
than water of the ſame weight. And therefore, a cylindric column of 
Air 1200 foot high is of equal weight with a cylinder of water of the 
ſame breadth and but one foot high. But a cylinder of Air reaching to 
the top of the Atmoſphere is of equal weight with a cylinder of water 
about 33 foot high +; and therefore if from the whole cylinder of Air, 
the lower part of 1200 foot high is taken away, the remaining upper 
part will be of equal weight with a cylinder of water 3 2 foot high; where- 
fore, at the height of 1200 feet or two furlongs, the weight of the in- 
cumbent Air is leſs, and conſequently the rarity of the compreſſed Air is 
2 than near the Earth's ſurface in the ratio of 33 to 32. And 

aving this ratio we may compute the rarity of the Air at all heights 
whatſoever, ſuppoſing the expanſion thereof to be reciprocally proportional 
to its compreſſion; and this proportion has been proved by the experi- 
ments of Dr. Hooke and others. The reſult of the computation I have ſet 
down in the annexed Table, in the firſt column of which you have the 
height of the Air in miles, whereof 4000 make a ſemi-diameter of the 


* NEwToON's Sy/tem of the World, p. 120. | 
+ This is evident from pumps, ſince none can draw water higher than 33 foot. 


K Earth 


The Air's 
compreſſion 
and rarity at 
different 
heights. 


It's weight 


how found. 
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Earth ; in the ſecond the compreſſion of the Air or the incumbent weight; 
in the third it's rarity or expanſion, ſuppoſing gravity to decreaſe in the du- 
plicate ratio. of the diſtances from the Earth's center. And the ſmall 
numeral figures are here uſed to ſhew what number of cyphers muſt be 
joined to the numbers expreſſed by the larger figures, as o.) 1224 for 
0.000000000000000001224, and 26956"5 for 269 56000000000000000, 


rom this Table it appears that the 


Ae Air in proceeding upwards is rarefied 
— * — 1 — — : | 
Height. Compreffon. Expanſion. | in ſuch manner, that a ſphere of that 


— Air which is neareſt the Earth but of 


, 


9633 44 + 1 | one inch diameter, if dilated to an 
F 3 1 Dp equal rarefaction with that of the Air 

20] 4.852. .11.571 | at the height of ten ſemi-diameters of 
= 447 26 17% the Earth, would fill up more ſpace 
4000 o. 14405 739% % | than is contained in the whole Heavens 


40000] 0.79*1628] 26263 5 fon this fide the fixed Stars, according to 
400700, 0. 7395 | 417987"? th 6 * Aer BC 
4000000] O. 19878334149 preceding computation o their au- 
infinite. | 0.***6041] 54622*%? | tance *. And it likewiſe appears that 
ET hea Ek the Moon does not move in a perfectly 
free and un- reſiſting medium; although the air at a height equal to her 
diſtance, is at leaſt 34000 times thinner than at the Earth's ſurface ; 


and therefore cannot reſiſt her motion ſo as to be ſenſible in many 


175. The weight of the Air, at the Earth's ſurface, is found by experi- 
ments made with the air- pump; and alſo by the quantity of mercury 
that the Atmoſphere balances in the barometer; in which, at a mean 
ſtate, the mercury ſtands 294 inches high. And if the tube were a 


* 8 8 * 


ſquare inch wide, it would at that height contain 294 cubic inches of 


mercury, which is juſt 1 5 pound weight; and fo much weight of air every 
ſquare inch of the Earth's ſurface fuſtains; and every ſquare foot 144 times 
as much, becauſe it contains 144 fquare inches. Now as the Earth's ſur- 
face contains about 199, 400, 400 ſquare miles, it muſt be of no leſs than 
5,559,215,016,900,000 ſquare feet; which, multiplied by 2016, the 
number of pounds on every foot, amounts to 11,207,377,474,191, 
360,000; or 11 trillion 207 thouſand 377 billion 474 thouſand 191 
million and 360 thouſand pounds, for the weight of the whole Atmo- 
ſphere, At this rate, a middle fized man, whoſe ſurface may be about 
14 ſquare feet, is preſſed by 28, 224 pound weight of Air all round; 


for fluids preſs equally up and down and on all ſides. But, becauſe 


Namely 10000 times the diſtance of Saturn from the Sun; p. 94. 
2 N 


this 


AWE; 
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this enormous weight is equal on all ſides, and counterbalanced by the PLATE II. 
ſpring of the internal Air in our blood veſſels, it is not felt. | 
176. Oftentimes the ſtate of the Air is ſuch that we feel ourſelves A common 
languid and dull; which is commonly thought to be occaſioned by the — +a 
Air's being foggy and heavy about us. But that the Air is then too the Air. 
light, is evident from the mercury's ſinking in the barometer, at which 
time it is generally found that the Air has not ſufficient ſtrength to 
bear up the vapours which compoſe the Clouds: for, when it is other- 
wiſe, the Clouds mount high, the Air is more elaſtic and weighty about 
us, by which means it balances the internal ſpring of the Air within 
us, braces up our blood-veſlels and nerves, and makes us briſk and lively. 
177. According to * Dr. KILL, and other aſtronomical writers, it is 
entirely owing to the Atmoſphere that the Heavens appear bright in the 
day-time. For, without an Atmoſphere, only that part of the Heavens Without an 
would ſhine in which the Sun was placed: and if an obſerver could nue 
live without Air, and ſhould turn his back towards the Sun, the whole —＋ 
Heavens would appear as dark as in the _ and the Stars would be appear dark, 
ſeen as clear as in the nocturnal ſky. In this caſe, we ſhould have no — 
twilight ; but a ſudden tranſition from the brighteſt ſunſhine to the light. 
blackeſt darkneſs immediately after ſun-ſet; and from the blackeſt 
darkneſs to the brighteſt ſun-ſhine at ſun-riſing; which would be ex- 
tremely inconvenient, if not blinding, to all mortals. But, by means 
of the Atmoſphere, we enjoy the Sun's light, reflected from the aerial _ 
particles, before he riſes and after he ſets. For, when the Earth by 
its rotation has withdrawn the Sun from our ſight, the Atmoſphere 
being till higher than we, has his light imparted to it; which gradual- 
ly decreaſes until he has got 18 c_ below the Horizon; and then, all 
that part of the Atmoſphere which is above us is dark. From the length 
of twilight, the Doctor has calculated the height of the Atmoſphere (fo 
far as it is denſe enough to reflect any light) to be about 44 miles. But it a 
is ſeldom denſe enough at two miles height to bear up the Clouds. 


178. The Atmoſphere refracts the Sun's rays ſo, as to bring him in It brings the 


ſight every clear day, before he riſes in the Horizon; and to keep him "nag 

in view for ſome minutes after he is really ſet below it. For, at ſomeriſes, and 

times of the year, we ſee the Sun ten minutes longer above the Horizon —_ = 

than he would be if there were no refractions: and about ſix minutes ſets. 

every day at a mean rate. | 
179. To illuſtrate this, let TEK be a part of the Earth's ſurface, co- Fig. IX. 


vered with the Atmoſphere HG FC; and let HEO be the ꝗ ſenſible Ho- 


* dec his Aſtronomy, p. 232. + As far as one can ſee round him on the Earth, 
| 2 rizon 
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PLATE 11.rizon of an obſerver at E. When the Sun is at A, really below the Hori- 
zon, a ray of light AC proceed- | 
ing from him comes ſtraight to : | 
C, where it falls on the ſurface 182.4 r gy 2 
of the Atmoſphere, and there en- 7 i 7 1550 þ e rf 's 
tering a denſer medium, it is oy OT PORT 
turned out of its rectilineal courſe ey Go 
ACdG, and bent down to the Appar. [Refrac-[| Ap. [Refrac-[| Ap. | Refrac- 
obſerver's eye at E; who then Alt. tion. Alt. tion. Alt.] tion. 
ſees the Sun in the direction of P. MHM. s. D. M. s II D. IM. s. 
the refracted ray ed E, which lies "IP 
above the Horizon, and being | ® - = 2 Wh. ” a 4 
extended out to the Heavens, | o 302) 350232 50 58] 34 
ſhews the Sun at BY 171. C 455% - Ree 5900-594 0 38} 
Fig. IX, 180. The higher the Sun riſes, | ____*[?__7 [|__| __ 54] 22. [_2 3” 
the leſs his rays are refracted, be- | 1 15|2: 20] 26 | 1 qgj| 1] © 56 ; 
cauſe they fall leſs obliquely on | 3% 1% 27 | = 44]] £2 | 28 : 
1 45118 22] 28 | 1 40] 63] o 27 5 
the ſurface of the Atmoſphere 777 nico 26 : 
$ 172. Thus, when the Sun is in: 3<|'5 2 30 [1 3zÞ} 65] o 25 5 
the direction of the line L con- 1 200 i f 801 66] © 5k 
tinued, he is fo nearly perpendi- | 3 3oſ1« 57 32 | i 251} 6: 23 ; 
cular to the ſurface of the Earth | + 30 . 4 21. 2 | 
at E, thathisrays are but very little 5 9 2/0 35 6 18 3» 5 7 
bent from a rectilineal courſe. e als 3 
5 30] 8 21 ae 1 
181. The Sun is about 321 7 45 37 [ 11 2 18 ; 
min. of a deg. in breadth, when | 6 307 14] 38 | 1 $jÞ 53] © 17 5 
at his mean diſtance from the | - 2 : 2 ar : 43 Ta iy 4 
Earth; and the horizontal refrac- ZE | 
8 tion of his rays is 33+ min. which | * © 2 et een 
ot reftackion. being more than his whole dia- » oft mats on 65-8 
meter, brings all his Diſc in | 9 30%, % 44 | o 36 79] o 11 
view, when his uppermoſt edge |'? + 5*[| +5 | 2 54]] 2] © 2» 
riſes in the Horizon, At ten deg. [iz of 4 27 456 |o 52]] 1] o gf 
height the refraction is not quite g I 1 
| : | + 4 3] © 
5 min. at 20 deg. only 2 min. [i „3 31/0 4% % [| 8ilo & 
26 ſec.; at 30 deg. but 1 min. 1s » 75% fo 45h} 85[o x 
32 ſec. ; between which and the . aft lo 7 
Zenith, it is ſcarce ſenſible: the |i7 o 2 531] 52 | o 42I] 8- | © 5 
quantity throughout, is ſhewn 10 7 3 
| 0 3 
by the annexed table, calculated 3 26 75 = 38 5 5 


by Sir IsAAc NE WTON. * 
2 | 183. In 
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183. In all obſervations, to have the true altitude of the Sun, Moon, PLATE II- 
or Stars, the refraction muſt be ſubtracted from the obſerved altitude. 
But the quantity of refraction is not always the ſame at the ſame alti- The incon- 
tude; becauſe heat diminiſhes the air's refractive power and denſity, 2 : 
and cold increaſes both ; and therefore no one table can ſerve preciſely ; 
for the ſame place at all ſeaſons, nor even at all times of the ſame day ; 
much leſs for different climates: it having been obſerved that the 
horizontal refractions are near a third part leſs at the Equator than at 
Paris, as mentioned by Dr. SMITH in the 370th remark on his Op- 
tics, where the following account is given of an extraordinary refrac- 
tion of the ſun-beams by cold. There is a famous obſervation of 
this kind made by ſome Hollanders that wintered in Nova Zembla in 4 very re- 
the year 1596, who were ſupriſed to find, that after a continual night 9 
of three months, the Sun began to riſe ſeventeen days ſooner than ac- ing refrac- 
cording to computation, deduced from the Altitude of the Pole ob- ion. 
ſerved to be 76e: which cannot otherwiſe be accounted for, than by 
an extraordinary quantity of refraction of the Sun's rays, paſſing thro' 
the cold denſe air in that climate. KzypLER computes that the Sun 
was almoſt five degrees below the Horizon when he firſt appeared; 
and conſequently the refraction of his rays was about nine times greater 
than it is with us.” 

184. The Sun and Moon appear of an oval figure as FCGD, juſt 
after their riſing, and before their ſetting : the reaſon is, that the re- 
fraction being greater in the Horizon than at any diſtance above it, the 
lowermoſt limb G appears more elevated than the uppermoſt. But 
although the refraction ſhortens the vertical Diameter FG, it has no 
ſenſible effect on the horizontal Diameter CD, which is all equally 
elevated. When the refraction is ſo ſmall as to be imperceptible, the 
Sun and Moon appear perfectly round, as AEBF. 


are generally thoſe which are neareſt to us; and conſequently, when tion cannot 
judge rightly 


we have nothing but our imagination to aſſiſt us in eſtimating of di- of the diſtance 
ſtances, bright objects ſeem nearer to us than thoſe whch are leſs bright, 3 

or than the ſame objects do when they appear leſs bright and worſe Nets. 
defined, even though their diſtance in both caſes be the ſame. And | 


as in both caſes they are ſeen under the ſame angle *, our imagination 
naturally 


185. We daily obſerve, that the objects which appear moſt diſtinct Our imagina- 


* An Angle is the inclination of two right lines, as IH and KH, meeting in a point Fig. v. 
at H; and in deſeribing an Angle by three letters, the middle letter always denotes the | 


angular point: thus, the above lines H and KH meeting each other at H, make Ws 
| Angle: 
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Nor always of 


thoſe which 
are acceſſible. 


The reaſon 
aſſigued. 


The Phenomena of the 


naturally ſuggeſts an idea of a greater diſtance between us and thoſe 
objects which appear fainter and worſe defined than thoſe which appear 
brighter under the ſame Angles; eſpecially if they be ſuch objects as 
we were never near to, and of whoſe real Magnitudes we can be no 
judges by ſight. 

186. But, it is not only in judging of the different apparent Magni- 


tudes of the ſame objects, which are better or worſe defined by their 


being more or leſs bright, that we may be deceived : for we may make 


a wrong concluſion even when we view them under equal degrees of 


brightneſs, and under equal Angles ; 2 they be objects whoſe 
bulks we are generally acquainted with, ſuch as houſes or trees: for 
proof of which, the two following inſtances may ſuffice. 

Firſt, When a houſe is ſeen over a very broad river by a perſon ſtand- 
ing on low ground, who ſees nothing of the river, nor knows of it 
beforehand ; the breadth of the river being hid from him, becauſe the 
banks ſeem contiguous, he loſes the idea of a diſtance equal to that 
breadth ; and the Pouſe ſeems ſmall, becauſe he reſers it to a leſs diſtance 
than it really is at. But, if he goes to a place from which the river 
and interjacent ground can be ſeen, though no farther from the houſe, 
he then perceives the houſe to be at a greater diſtance than he imagined; 
and therefore fancies it to be bigger than he did at firſt; although in 
both caſes it appears under the ſame Angle, and conſequently makes no 


Angle IHR. And the point is ſuppoſed to be the center of a Circle, the circum- 
ference of which contains 360 equal parts called degrees, A fourth part of a Circle, 
called a Quadrant, as GE, contains 90 degrees; and every Angle is meaſured by the 
number of degrees in the arc it cuts off; as the angle EH is 45 degrees, the Angle 
EHF 33 &c: and fo the Angle EH is the ſame with the angle CHN, and alſo with 
the Ang e MA, becauſe they all cut off the ſame arc or portion of the Quadrant EG; 
and ſo likewiſe the Angle EH is greater than the Angle CHD or AHL, becauſe it cuts 
off a greater arc. | | 

The nearer an object is to the eye the bigger it appears, and under the greater Angle 
is it ſeen, To illuſtrate this a little, ſuppoſe an Arrow in the poſition IX, perpendicular 
to the right line HA drawn from the eye at H through the middle of the Arrow 
at O. It is plain that the Arrow is ſeen under the Angle HM, and that HO, which is 
it's diſtance from the eye, divides into halves both the Arrow and the Angle under which 
it is ſeen: viz, the Arrow into /O, OK, and the Angle into HO and X HO: and this 
will be the caſe whatever diſtance the Arrow is placed at, Let now three Arrows, all of 
the ſame length with IX, be placed at the diſtances HA, HC, HE, till perpendicular 
to, and biſected by the right line HA; then will 4B, CD, EF, be each equal to, and 
repreſent /O; and AB (the ſame as 10) will be ſeen from H# under the Angle AHB; 
but CD (the ſame as 10) will be ſeen under the Angle CHD or AHL; and EF (the 
fame as /O) will be ſeen under the Angle EHT, or CHN, or AHM. Alſo, EFor 10 
at the diſtance HE will appear as long as CN would at the diſtance HC, or as AM would 
at the diſtance HA: and CD or IO at the diſtance HC will appear as long as AL would 
at the diſtance HA. So that as an object approaches the eye, both it's magnitude and 
the Angle under which it is ſeen — ; and as the object recedes, the contrary, 


| bigger 


Horizontal Moon explained. 


bigger picture on the retina of his eye in the latter caſe than it did in PLATE II. 


the former. Many have been deceived, by taking a red coat of arms, 
fixed upon the iron gate in Clare-Hall walks at Cambridge, for a brick 
houſe at a much greater diſtance ®. 

Secondly, In foggy weather, at firſt fight, we generally imagine- a 
ſmall houſe, which is juſt at hand, to be a great caſtle at a diſtance 
becauſe it appears ſo dull and ill defined when ſeen through the Miſt, 
that we refer it to a much greater diſtance than it really is at; and 
therefore, under the ſame Angle, we judge it to be much bigger. For, 
the near object FE, ſeen by the eye ABD, appears under the ſame 


Angle GCH, that the remote object GH does: and the rays GFCNFig. xn. 


and HECM crofling one another at Cin the pupil of the eye, limit the ſize 
of the picture MN on the retina; which is the picture of the object 
FE, and if FE were taken away, would be the picture of the object 
GHI, only worſe defined; becauſe GH, being farther off, appears 
duller and fainter than FE did. But if a Fog, as KL, comes between 
the eye and the object FE, it appears dull and ill defined like G; 
which cauſes our imagination to refer FE to the greater diſtance CH, 


inſtead of the ſmall diſtance CE which it really is at. And conſe- 


quently, as miſ-judging the diſtance does not in the leaſt diminiſh the 
Angle under which the object appears, the ſmall hay-rick FE ſeems to 
be as big as GHT. 


187. The Sun and Moon appear bigger in the Horizon than at any Fig. IX. 


conſiderable height above it. Theſe Luminaries, although at great di- 
ſtances from the Earth, appear floating, as it were, on the ſurface of 
our Atmoſphere HG, a little way beyond the Clouds; of which, 


thoſe about F, directly over our heads at E, are nearer us than thoſe Why the Sun 
about H or e in the Horizon HEe. Therefore, when the Sun or Moon — biggeſt 
appear in the Horizon at e, they are not only ſeen in a part of the Skyin the Hori- 


which is really farther from us than if they were at any conſidergble 


* The fields which are beyond the gate rife gradually till they are juſt ſeen over it; 
and the arms, being red, are often miftaken for a houſe at a conſiderable diftance in 
thoſe fields, | 

I once met with a curious deception in a gentleman's garden at Hackney, occaſioned 
by a large pane of glaſs in the garden-wall at ſome diſtance from his houſe. The glaſs 
(through which the fields and ſky were diſtinctly ſeen) reflected a very faint image of the 
houſe ; but the image ſeemed to be in the Clouds near the Horizon, and at that diſtance 
looked as if it were a huge caſtle in the Air. Yet, the Angle under which the image 
appeared, was equal to that under which the houſe was ſeen : but the image being men- 
tally referred a much greater diſtance than the houſe, appeared much bigger to the imagi- 


nation. | 
Altitude, 


7 The Phenomena of the Horizontal Moon explained. 


Altitude, as about /; but they are alſo ſeen through a greater quantity 
of Air and Vapours at e than at 7. Here we have two concurring ap- 
pearances which deceive our imagination, and cauſe us to refer the Sun 
and Moon to a greater diſtance at their riſing or ſetting about e, than 
when they are conſiderably high as at /: firſt, their ſeeming to be on 
a part of the Atmoſphere at e, which is really farther than F from a 
ſpectator at E; and ſecondly, their being ſeen through a groſſer medium 
when at e than when at /; which, by rendering them dimmer, cauſes 
us to imagine them to be at a yet greater diſtance. And as, in both caſes, 
they are ſeen * much under the ſame Angle, we naturally judge them 
to be biggeſt when they ſeem fartheſt from us; like the above-men- 
tioned houſe 8 186, ſeen from a higher ground, which ſhewed it to 
be farther off than it appeared from low ground; or the hay-rick, 
which appeared at a greater diſtance by means of an interpoſing Fog. 
Their Diame- 188, Any one may fatisfy himſelf that the Moon appears under no 
leg are fot greater Angle in the Horizon than on the Meridian, by taking a large 
Meridian ſheet of paper, and rolling it up in the form of a Tube, of ſuch a 
than in the width, that obſerving the Moon through it when ſhe riſes, ſhe may, 
Horizon. as it Were, juſt fill the Tube; than tie a thread round it to keep it 
of that ſize; and when the Moon comes to the Meridian, and ap- 
pears much leſs to the eye, look at her again through the ſame Tube, 
and ſhe will fill it juſt as much, if not more, than ſhe did at her 
riſing. 

189. When the full Moon is in perigeo, or at her leaſt diſtance from 
the Earth, ſhe is ſeen under a larger Angle, and muſt therefore ap- 
pear bigger than when ſhe is Full at other times: and if that part of 
the Atmoſphere where ſhe riſes be more replete with vapours than 
uſual, ſhe appears ſo much the dimmer; and therefore we fancy her 
to be ſtill the bigger, by referring her to an unuſually great diſtance; 
knowing that no objects which are very far diſtant can appear big unleſs 
they be really ſo. 5 


The Sun and Moon ſubtend a greater Angle on the Meridian than in the Horizon, 
being nearer the Earth in the former caſe than the latter. 
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The Method of finding the. diftances, &c. 


The Method of finding the Diſtances of the Sun, Moon, and 


Planets. © 


190. HOSE who have not learnt how to take the * Altitude of PLATEIV. 


. any Celeſtial Phenomenon by a common Quadrant, nor 
know any thing of Plain Trigonometry, may paſs over the firſt Article 
of this ſhort Chapter, and take the Aſtronomer's word for it, that the 
diſtances of the Sun and Planets are as ſtated in the firſt Chapter of this 
Book. But, to every one who knows how to take the Altitude of the 
Sun, the Moon, or a Star, and can ſolve a plain right-angled Triangle, 
the following method of finding the diſtances of the Sun and Moon 


. * . 


will be eafily underſtood. 


Let BAG be one half of the Earth, AC it's ſemi-diameter, S the Fig. 1. 


Sun, m the Moon, and EKOL a go of the Circle deſcribed by 
the Moon in revolving from the Meridian to the Meridian again. 
Let CRS be the rational Horizon of an obſerver at A, extended to the 


The Altitude of any celeſtial Phenomenon is an ard of hy intercepted 'be- 


tween the Horizon and the Phenomenon, In Fig. VI. of Plate II. let HO be a 
horizontal line, ſuppoſed to be extended from the eye at 4 to X, where the Sky and 
Earth ſeem to meet at the end of a long and level plain; and let & be the Sun. The 
arc XY will be the Sun's height above the Horizon at A, and is found by the inſtru- 
ment EDC, which is a quadrantal board, or plate of metal, divided into go equal parts 
or degrees on its limb DC; and has a couple of little braſs plates, as a and 6, with 
a ſmall hole in each of them, called 'S:ght- Holes, for looking through, parallel to the 
edge of the Quadrant whereon they ſtand. To the center E is fixed one end of a 
thread , called the Plumb-Line, which has a ſmall weight or plummet P fixed to it's 
other end. Now, if an obſerver holds the Quadrant upright, without inclining it 
to either ſide, and ſo that the Horizon at & is ſeen through the ſight-holes a and b, the 
plumb-line will cut or hang over the beginning of the y Zo at o, in the edge EC; 
but if he elevates the Quadrant ſo as to look through the : 

Heavens, ſuppoſe to the Sun at ; juſt ſo many degrees as he elevates the ſight- hole 4 above 
the horizontal line HOX, ſo many degrees will the plumb-line cut in the limb CP of the 
Quadrant. For, let the obſerver's eye at A be in the center of the celeſtial arc XTV 
(and he may be ſaid to be in the center of the Sun's apparent diurnal Orbit, let him 
be on what part of the Earth he will) in which arc the Sun is at that time, ſuppoſe 
25 degrees high, and let the obſerver hold the Quadrant ſo that he may ſee. the Sun 
through the ſight-holes; the plumb-line freely playing on the quadrant will cut the 
25th degree in the limb CP equal to the number of degrees of the Sun's Altitude at 
the time of obſervation, N. B. Whoever looks at the Sun, muſt have a ſmoaked glaſs 
before his eyes to ſave them from hurt. The better way is not to look at the Sun 


through the ſight-holes, but to hold the Quadrant facing the eye, at a little diſtance, 


and ſo that the Sun ſhining through one hole, the ray may be ſeen to fall on the other. 


ht-holes at any part of the 


Sun 
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The Method of finding the diſtances 
Sun in the Heavens, and HAO his ſenſible Horizon; extended to 
the Moon's Orbit. ALC is the Angle under which the Earth's ſemi- 
diameter AC is ſeen from the Moon at L, which is equal to the 
Angle OAL, becauſe the right lines AO and CL which include both 
thei Angles are parallel: ASC is the Angle under which the Earth's 


ſemi-diameter AC is ſeen from the Sun at &, and is equal to the Angle 
DA becauſe the lines AO and CRS are parallel. Now, it is found 


by obſervation, that the Angle OAL is much greater than the Angle 


GA; but OA, is equal to ALC, and O is is equal to ASC. Now, 
as ASC is much geb than ALC, it proves that the Earth's ſemi- 
diameter AC appears much greater as ſeen from the Moon at L than 
from the Sun at S: and therefore the Earth is much farther from the 
Sun than from the Moon “. The Quantities of theſe Angles are de- 
termined by obſervation in the following manner. 

Let a graduated inſtrument as BAE, (the larger the better) having 


a moveable Index and Sight-holes, be fixed in ſuch a manner, that it's 


d + 


plane ſurface may be parallel to the Plan of the Equator, and it's edge 
AD in the Meridian: ſo that when the Moon is in the Ec uinoctial, 
and on the Meridian at E, ſhe may be ſeen through the dhe holes 
when the edge of the moveable index cuts the beginning of the divi- 
ſions at o, on the graduaded limb DE; and when ſhe is fo ſeen, let 
the preciſe time be noted. Now, as the Moon revolves about the 
Earth from the Meridian to the Meridian again in 24 hours 48 minutes, 
ſhe will go a fourth part round it in a fourth part of that time, vis. 
in 6 hours 12 minutes, as feen from C, that is, from the Earth's 
center or Pole. But as ſeen from A, the obſerver's place on the Earth's 
ſurface, the Moon will ſeem to have gone a quarter round the Earth 
when ſhe comes to the ſenſible Horizon at O; for the Index through 
the ſights of which ſhe is then viewed will be at d, go degrees from D, 
where it was when ſhe was ſeen at E. Now, let the exact moment when 
the Moon is ſeen at O (which will be when ſhe is in or near the ſenſible 
Horizon) be carefully noted , that it may be known in what time 
ſhe has gone from to O; which time ſubtracted from 6 hours 
12 minutes (the time of her going from E to L) leaves the time of 
her going from O to L, and affords an eaſy method for finding the 
Angle OAL (called the Moon's horizontal Parallax, which is equal to 


the Angle ALC) by the following Analogy: As the time of the Moon's | 


* See the Note on 8 185. | 

+ Here proper allowance muſt be made for the Refraction, which being about 34 
minutes of a degree in the Horizon, will cauſe the Moon's center to appear 34 minutes 
bove the Horizon when her center is really in it. 


deſcribing 


„/ the Sus, Moo and Planets. 


deſcribing the are EQ is td go Ager. ſo is 6 hours 12 minutes to 
the degrees of the Arc DGE, which meaſures the Angle EAL; from 
which ſubtract 90 degrees, and there remains the Angle OAL, equal 


.* 


to the Angle ALC, under which the Earth's Semi-diamcter AC is 


icen from the Moon, Now, ſince all the Angles of a right-lined 
Triangle are equal to 189 degrees, or to two right Angfes and the 
fides of a Triangle are always proportional to the Sines of the oppoſite 


1 
, 


* 


Angles, ſay, by the Rule of. Three, as the Sine of the Angle ALC at the The Myon's - 
f's | 


Moon . is to i | 
known to be 3985 miles, 10 is Radius, vlg. the Sine of 90 degrees, of of 
the right Angle CL to it's oppoſite fide AL, which is the Moon's 
diſtance at L from the obſerver's place at 4 on the Earth's ſurface; 


oppoſite fide AC the Earth's Semi-diameter, which js diane. 
oppolite fide AC the Earth's Semi-dianeter, which js hanee = 


or, ſo is the Sine of the Angle CAL to its oppoſite ſide CL, which is 


the Moon's diſtance from the Earth's centre, and comes out at a mean 
rate to be 240,000 miles. The Angle CAL is equal to what OAL 


wants of go degrees. 


191. The Sun's diſtance from the Earth is found the fame way, The Sun's di- 


but with much greater difficulty; . becauſe his horizontal Parallax, . 
the Angle OAS equal to the Angle ASC, is Oo ſmall as 0 b 


9 


or ſtance cannot 
'h be yet fo ex- 
e nar dly aaly deter- 


perceptible, being only 10 ſeconds. of a minute, or the 360th part of mined.as the 


a degree. But the.Mygon's horizontal Parallax, or Angle OL equal 

to the Angle ALC, is very diſcernible ; being 57 49”, or 3469“ at it's 

mean {tate ; which is more than 340 times as great as the Suns: and 

therefore, the diſtances of the heavenly bodies being inverſely as the 
I 


Earth is at leaft 340 times as great as the Moon ß; and is rather un- 
derſtated at $1 millions of miles, when the Moon's diftance is certainly 
known to be 240 thouſand. But becauſe, according to fome Aſtro- 
nomers, the Sun's horizontal Parallax is 11 ſeconds, and according to 
others only 10, the former Parallax making the Sun's diſtance. to be 
about 7 5,000,000 of miles, and the latter 82,000,000 ; we may take 
it for granted; that the Sun's diſtance is not leſs than as deduced from 
the former, nor more than as ſhewn by the latter : and every one who 
is accuſtomed to make ſuch obſervations, knows how hard it iss if 
not impoſſible, to avoid an error of a ſecond ; eſpecially on account of 
the inconſtancy of horizontal Refractions. And here, the error of one 
ſecond, in fo ſmall. an Angle, will make an error of 7 millions of 
miles in ſo great a diſtance as that of the Sun's; and much more in 
the diſtances of the ſuperiour Planets. But Dr. HAL LRV has ſhewn us 
how the Sun's diſtance from the Earth, and conſequently the diſtances 
of all the Planets from the Sun, * known to within a gooth pert 
| | 2 0 


5 of their horizontal Parallaxes, the Sun's diſtance from the 


33 
» 
* 


76 The Periods and Diſtances of the Planets, 


How near theof the whole, by a Tranſit of Venus over the Sun's Diſc, - which will 

e may happen on the 6th of June, in the year 1761; till which time we muſt 

determined. content ourſelves with allowing the Sun's diſtance to be about 8 1 mil- 

lions of miles, as commonly ſtated by Aſtronomers. 

192. The Sun and Moon appear much about the fame bulk: And 

every one who underſtands Geometry knows how their true bulks may 

The Sun be deduced from the apparent, when their real diſtances are known. 

3 be Spheres are to one another as the Cubes of their Diameters ; whence, if 

chan the” the Sun be 81 millions of miles from the Earth, to appear as big as the 

Moon, Moon, whoſe diſtance does not exceed 240 thouſand miles, he muſt, in 
ſolid bulk, be 42 millions 875 thouſand times as big as the Moon. 

193. The horizontal Parallaxes are beſt obſerved at the Equator ; 

1. Becauſe the heat is ſo nearly equal every day, that the Refractions are 

almoſt conſtantly the ſame. 2. Becauſe the parallactic Angle is greater 

there as at A (the diſtance from thence to the Earth's Axis being greater, ) 


than upon any parallel of Latitude, as 4 or 6. 


The relative 194. The Earth's diſtance from the Sun. being determined, the di- 
— ſtances of all the other Planets from him are eaſily found by the follow- 
from the Sun ing analogy, their periods round him being aſcertained by obſervation. 
— As the ſquare of the Earth's period round the Sun is to the cube of it's 
le, * diſtance from him, ſo is the « * of the period of any other Planet to 
their real di- the cube of it's diſtance, in ſuch parts or meaſures as the Earth's diſtance 
8 taken; ſee F 111. This proportion gives us the relative mean di- 

ſtances of the Planets from the Sun to the an degree of exactneſs; 

and they are as follows, having been deduced from their periodical 

times, according to the law juſt mentioned, which was diſcovered by 


Krrixx and demonſtrated by Sir Isaac NewrTov. 


Periodical Revolution to the ſame fixed Star in days and decimal parts of a day: 
Of Mercury Venus The Earth Mars Jupiter Saturn 
87.9692 224.6176 365.2564 686.9785 4332-514 107 59.275 
. Relative mean diftances from the Sun, 
38710 72333 100000 152369 520096 954006 


Fram theſe numbers we deduce, that if the Sun's horizontal Parallax be 10“, the real mean 
diftances of the Planets from the Sun in Engliſh miles are x 


31,742, 200 59,313,060 82,000,000 124,942,580 426,478,720 782, 284, 920 
* But if the Sun's Parallax be 11“ their diſtances are no more than 
29,032,590 54,238,570 75,000,000 114,276,750 390,034,500 715,504,500. 
Errors in diſtance ariſing from the miſtake of 1” in the Sun's Parallax 
2,709,700 3,074, 490 7,000,000, 10, 665, 830 36, 444, 220 66,780,420 
195. Theſe: 


De amazing velicity- of Light. 


195. Theſe laſt numbers ſnew, that although we have the relative 
diſtances of the Planets from the Sun to the greateſt nicety, yet the beſt ! 
obſervers have not hitherto been able to aſcertain their true diſtances 
to within leſs than a twelfth part of what they really are. And there- 
fore, we muſt wait with patience till the 6th of June, A. D. 17613 
wiſhing that the Sky may then be clear to all places where there are 
good Aſtronomers and accurate inſtruments for obſerving the Tranſit 
of Venus over the Sun's Diſc at that time: as it will not happen again, 
fo as to be viſible in Europe, in leſs than 235 years after. 10115 

196. The Earth's Axis produced to the Stars, being carried * parallel 
to itſelf during the Earth's annual revolution, deſcribes a circle in the 
Sphere of the fixed Stars equal to the Orbit of the Earth. But this Why the | 
Orbit, though very large in itſelf, if viewed from the Stars, would {fm © bes 
appear no bigger than a point; and conſequently, the cirele deſtribed till in the 
in the Sphere of the Stars by the Axis of the Earth produced, if 1338 
viewed from the Earth, muſt appear but as a point; that is, it's dia- vens, notwith- 
meter appears too little to be meaſured by obſervation: for Dr, Zanding the 
BRADLEY has aſſured us, that if it had amounted to a ſingle ſecond, ton round 
or two at moſt, he ſhould have perceived it in the great number ofthe Sun. 
obſervations he has made, eſpecially upon / Dragenis; and that it 
ſeemed to him very probable that the annual Parallax of this Star is 
not ſo great as a ſingle ſecond: and conſequently, that it is above 
400 thouſand times farther from us than the Sun. Hence the celeſtial 
poles ſeem to continue in the ſame points of the Heavens throughout 
the year; which by no means difproves the Earth's annual motion, but 
plainly proves the diſtance of the Stars to be 2 GM otfs 

197. The ſmall apparent motion of the Stars F 113, diſcovered. by 
that great Aſtronomer, he found to be no ways owing to their annual 
Parallax (for it came out contrary thereto)" but to the Aberration of 
their light, which 'can'reſult from no known eauſeè beſides that of the 

Earth's annual motion; and as it agrees ſo exactly therewith, it proves The amazing; 
ite that the” Earth has ſuch a niction: for this Aber-jopc'? M1 


beyond diſpu | 
ration compleats all it's various Phenomena every year; and proves 
that the velocity of ſtar-light is ſuch as carries it through a ſpace 
equal to the Sun's diſtance from us in 8 minutes : 13 ſeconds of 
time. Hence, the velocity of light is f 10 thouſand 210 times as 
to the Earth's Axis 


o 


* By this is meant, that if a line be ſuppoſed to be drawn paralle 
in any part of it's Orbit, the Axis keeps parallel to that line in every other part of it's 
Orbit: as in Fig. I. of Plate V; where abcdefgh repreſents the Earth's Orbit in an oblique: 
view, and Ns the Earth's Axis keeping always parallel to the Tine MAN e 

T SMtTY's Optics, 5 1%%%/%/ů ͤ0h0 9% $970 We N 


PLATE Iv. great as the Earth's SEA 2 Orbit 1 which velocity (from what 
we know already of the Earth's diſt we 2 the Sun) may be aſ- 
ſertod to be at leaſt between 57 and thouſand miles eyery hour : 
and ſuppoſing it to be g8000, this —_— Spd by the: above 
10210, gives 592 million 189 thouſand miles for the hourly motion of 
light: which laſt number divided by 3690, the number of ſeconds in 
an hour, ſhews that light flies at the rate of more than 164 thou- 
ſand miles my ſecond of b ar, b bing of a common cel pen- 
dulum. | 
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The Cirdl, of the Globe d oferibed... . The different lane of 
Hays and nights, and tha vicaſntudes of ſeaſons, explained. 
The explanation of the Phenomena of Saturn, s ; Ring a con- 

_ Eluded,. (Sec F_ Lang, $2.) 


Circles of nexg8 I. the 2 be 4 i Gy 8 bets abeipel dicks 
* of the Globe, he ſhould now learn to know them; which he 
may do ſufficiently for his preſent purpoſe in a quarter of an hour, if 

Fig. Il. he ſets the ball of a terreſtrial Glabe before him, or looks at the Figure 
of it, wherein theſe ciroles are drawn and named. The Equator is 

that great circle which divides the northern half of the Earth from 

the ſouthern. The Tropics are leſſer circles. parallel to the Equator, 

and each of them is 23+ degrees from it; a degree! in this ſenſe being 

the 360th part of any great circle which divides the Earth into two 

equal parts. The Tropic of Cancer lies on the north fide of the Equator, 

and the Trop: c of Capricorn on the ſouth. The Ardic Circle bas the 

Lale Nerth Pal lr its center, and is juſt as far from the north Pole as the 
Equator,Tro- Fropies are ſtom tlie the Equator; and the Antarctic Circle (hid by the 
Ercles, and fuppoſed convexity of the Figure) is juſt as far from the South Pole, 
Poles. every way round it. Theſe Poles are the very north and ſouth points 
Fig. II. of the Globe: and al other places are denominated northward or ſouth- 
-wvard, according to the ſide of the Equator they lie on, and the Pole 

Earth's Axis. to which they are neareſt. The Earth's Axis is a ſtraight line paſſing 
through the center of the Earth, perpendicular to the Equator, and 
terminating in the Poles at it's ſurface. This, in the real Earth and 
Planets is only an imaginary line; but in artificial Globes or Planets it 
is a wire by which they are ſupported, and turned round in Orreries, 
I or 
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or ſuch like machines, by Whbel-Wörk! I circles 12. 1. 2. 3. PLATE Iv. 
Sc. are Meridians to all places they paſs through; and we mult ſup- Meridians. 


ofe thouſands more to be drawyn, Beextiſt every place that is ever 10 
ittle to the eat or Welt of att other place, has a different Meridian 
from that other All the Meridians meet in the Poles 3” and 
whenever the Sun's Sc is paſſing over any Meridian, in His apparent 
motion round the Earth, it is mid-day or noon 80 all places bn that 


Meridian. 
199. The S Space hying between the Tropics lle A pitdle/ Fo 


rounding the Globe, 2 called the Torrid Zont, of which the Equator” is Zones. 


in the middle, all around; The Sphce betweek! the Tropic of Cancer 
and Arctic Circle is called the North temperate Zone. ber between 
the Tropic of Capricorn and the Antarctic Cirele, the Sowrh Yempeyate 
Zone. And the two circular Spaces bounded by the Polar Circles" are 
the two Frigid Zones; detiothiitiated erb of Auth, from that Pate Which 
s in the center of the one or the other el them.” buy } 


200. Having acquired this eafy branch of knowledg os PR 1 


may proceed to make the following expetiment wi 1 terreſtrial 
ball; which will give him a plain idea of the diurnal and annual 


motions of the E together with the different lengths of days and 
nights, and all the beautiful variety of ſeaſons, depending en ed 
motions. : 1 


Take about ſeven feet of ſtrong wire, Und bend! it into a cube Fig. III. 
form, 4 _ which being viewed obliquely, appears elliptical as in A pleaſant 


the F Place a lighted candle on à table, and having fixed one 


end of a lk thread 1 8 to the north pole of a ſmall terreſtrial Globe different 


H, about three inches diameter, cauſe another perſon to hold the wire 
circle ſo that it may be parallel to the table, and as high as the — f 
of the candle 7, which r 1d be in or near the center. Then, hawn 
twiſted the thread as towards the left hand, that by untwiſtin . may 
turn the Globe round eaſtward, or contrary to the way that the Hands 
of a watch move; hang the Globe by the thread within this circle, 
almoſt contiguous to it; and as the thread untwiſts, the Globe {which 
is enlightened half round by the candle as the Earth is by the Sun) 
will turn round it's Axis, and the different places upon it will be 
carried through the light and dark Hemiſpheres, and have the appear- 
ance of a regular ſucceſſion of days and nights, as our Earth has 
in reality by ſuch a motion. As the Globe turns, move your hand 
ſlowly ſo as to carry the Globe round the candle according to the order 


of the letters abed, keeping it's center even with the wire circle ; and 
you 


8 the variery af 


Of che diferent, Seaſons 


you will perceive, that the candle being ſtill, perpendicular to the Equa- 


tor will enlighten the Globe from pole to pole in it's motion round 
the circle; and that every place on the Globe goes equally through 
the light and the dark, as it turns round by. the. untwiſting of the 
thread, and therefore has a perpetual Equinox. The Globe thus turn- 
ing round repreſents the Earth turning round it's Axis; and the motion 
of the Globe round the candle repreſents the Earth's| annual motion 
round the Sun, and ſhews, that if the Earth's Orbit had no inclination 
to it's Axis, all the days and nights of the year would be cqually long, 


and there would be no different ſeaſons. But now, deſire the per- 


Summer Sol- 
Kce. 


ſon; who holds the wire to hold it obliquely in the poſition ABCD, 
raiſing the fide S juſt as much as he depreſſes the ſide W, that the 
flame may be ſtil in the plane of the circle; and twiſting the thread 
as before, that the Globe may turn round it's Axis the ſame way as 
you carry it round the candle; that is, from welt to eaſt, let the Globe 
down into the lowermoſt part of the wire circle at N, and if the circles 
be properly inclined, the candle will ſhine perpendicularly on the Tro- 
pic of Cancer, and the rigid Zone, lying within the arctic or north 
polar, Circle, will be all in the light, as in the Figure; and will keep 
in the light let the Globe turn round. it's Axis ever fo often. From the 
Equator to the north polar Cirelę all the places have longer days and 
ſhorter, nights but from the Equator to the ſouth polar Circle juſk the 
reverſe. The Sun does not ſet to any part of the north frigid, Zone, 
as ſhew /n by the candle's ſhining on it ſo that the motion, of the Globe 
can carry no place of that Zone into the dark ;; and at the ſame time the 
ſouth frigid Zone is involved in darkneſs, and the turgipg of, the Globe 
brings none of it's places into the light. If the; Earth ere to con- 
tinue in the like part of. its Orbit, the Sun would never ſet to the inha- 
bitants of the north frigid Zone, nor riſe to thoſe of the ſouth. At the 
Equator, it would be always equal day and night; and as the places 
are gradually more and more diſtant from the Equator, towards the 
arctic Circle, they would have longer days, and ſhorter nights, ! whilſt 
thoſe, on the ſouthi ſide of the Equator would have their nights longer 
than their days. In this caſe there would be continual ſummer on the 
north ſide of the Equator, and continual winter on the ſouth ſide of it. 
But as the Globe turns round it's Axis, move your hand ſlowly for- 
ward fo as to carry the Globe from H towards E, and the boundary of 
light and darkneſs will approach towards the north Pole, and recede 
towards the ſouth Pole; the northern places will go through leſs and 
leſs of the light, and the ſouthern places through more and more of 
it; ſhewing how the northern days decreaſe in length, and the ſouthern 
1 N days 
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days increaſe, whilſt the Globe proceeds from H to F. When thepLATEIV. 
Globe is at E, it is at a mean ſtate between the loweſt and higheſt Autumnal 
parts of it's Orbit; the candle is directly over the Equator, the boundary Equinox. 
of light and darkneſs juſt; reaches to both the Poles, and all places on 

the Globe go equally through the light and dark Hemiſpheres, ſhew- 

ing that the days and nights are then equal at all places of the Earth, 

the Poles only excepted ; for the Sun is then ſetting to the north Pole, 

and riſing to the ſouth Pole. 3 „ W 
Continue moving the Globe forward, and as it goes through the 

quarter A. the north Pole recedes ſtill farther into the dark Hemiſphere, 

and the ſouth Pole advances more into the light, as the Globe comes 

nearer to S; and when it comes there at F, the candle is directly 

over the Tropic of Capricorn, the days are at the ſhorteſt, and nights 

at the longeſt, in the northern Hemiſphere, all the way from the 

Equator to the arctic Circle; and the reverſe in the ſouthern Hemi- Winter Sol- 
ſphere from the antarctic Circle; within which Circles it is dark to the ice. 
north frigid Zone and light to the ſouth. Res 

Continue both motions, and as the Globe moves through the quarter 

B, the north Pole . advances toward the light, and the ſouth Pole 

recedes as faſt from it; the days lengthen in the northern Hemiſphere, 

and ſhorten in the ſouthern ; and when the Globe comes to G the 

candle will be again over the Equator (as when the Globe was at E) 

and the days and nights will again be equal as formerly: and the 

70 Pole will be juſt coming into the light, the ſouth Pole going out Vernal Equi- 
of it. aft Wie bg 3 


Thus we ſee the reaſon why the days lengthen and ſhorten from 
the Equator to the polar Circles every year; why there is no day or 
night for ſeveral turnings of the Earth, within the polar Circles; why 
there is but one day and one night in the whole year at the Poles; and 
Nj why the days and nights are equally long all the hep round at the 

| Equator, which is always equally cut by the circle bounding light and 
darkneſs. | wy 


201. The inclination of an Axis or Orbit is merely relative, becauſe Remark. 
we compare it with ſome other Axis or Orbit which we conſider | 
as not inclined at all. Thus, our Horizon being level to us what- 
ever place of the Earth we are upon, we conſider it as having no 
inclination ; and yet, if we travel 90 degrees from that place, we Fig. III. 
ſhall then have an Horizon perpendicular to the former ; but it 


will ſtill be level to us. And, if this Book be held ſo that the 
8 2M * Circle 
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PLATE v. Circle ABCD be parallel to the Horizon, both the Circle abcd, and 


Fig. 


A conciſe 
view of the 
ſeaſons. 


Fig. II, 


the Thread or Axis K will be inclined to it. But if Book or Plate be 


held, ſo that the Thread be perpendicular to the Horizon, then the Orbit 
ABCD will be inclined to the Thread, and the Orbit abcd perpendi- 
cular to it, and parallel to the Horizon. We generally conſider the 


Earth's annual Orbit as having no inclination, and the Orbits of all the 
other Planets as inclined to it & 20. 


202. Let us now take a view of the Earth in it's annual courſe round 


the Sun, conſidering it's Orbit as having no inclination ; and it's Axis 


as inclining 23+ degrees from a line perpendicular to it's Orbit, and 
keeping the fame oblique direction in all parts of it's annual courſe; or, 


as commonly termed, keeping always parallel to itſelf $ 196. 


Let a, b, c, die ,, b be the Earth in eight different parts of it's Orbit, 
equidiſtant from one another; Ns it's Axis, N the north Pole, s the 
ſouth Pole, and $ the Sun nearly in the center of the Earth's Orbit 
$ 18, As the Earth goes round the Sun according to the order of the 


letters abed, &c. it's Axis Ns keeps the fame obliquity, and is ſtill 


e f. to the line MNs. When the Earth is at a, it's north Pole 
nclines toward the Sun, and brings all the northern _— more into 
the light than at any other time of the year. But when the Earth is 
at e in the oppoſite time of the year, the north Pole declines from the 
Sun, which occaſions the northern places to be more in the dark than 
in the light; and the reverſe at the ſouthern places, as is evident by 
the Figure, which I have taken from Dr. Loxd's Aſtronomy. When 
the Earth is either at c or g, it's Axis inclines not either to or from 
the Sun, but lies ſidewiſe to him; and then the Poles are in the 
boundary of light and darkneſs; and the Sun, being directly over the 
Equator, makes equal day and night at all places. When the Earth 
is at & it is half way between the Summer Solftice and Harveſt Equinox; 
when it is at d it is half way from the Harveſt Equinox to the Winter 
Solſtice ; at / half way from the Winter Solſtice to the Spring Equinox: 
and at þ half way from the Spring Equinox to the Summer Solftice. 
203. From this oblique view of the Earth's Orbit, let us ſuppoſe 
ourſelves to be raiſed far above it, and placed juſt over it's center 8, 
looking down upon it from it's north pole ; and as the Earth's Orbit 
differs but very little from a Circle, we ſhall have it's figure in ſuch a 


*All Circles appear ellipſes in an oblique view, as is evident by looking obliquely at 
the rim of a baſon. For the true figure of a Circle can only be ſeen when the eye is 
until the eye be in the ſame plane with it, and then it appears like a ſtraight line. 


. 1 view 


1 SV LS 


OI. ifs center. The more obliquely it is viewed, the more elliptical it appears, 
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view repreſented by the Circle ABCDEFGH. Let us ſuppoſe this PLATE V. 


Circle to be divided into 12 equal parts called Signs, having their The Eclipric. 
names affixed to them; and each Sigh into 30 equal parts called 
Degrees, numbered 10, 20, 30, as in the outermoſt Circle of the 
Figure, which repreſents the great Ecliptic in the Heavens. The The ſeaſons 
Earth is ſhewn in eight different poſitions in this Circle, and in each nh in. 
poſition & is the Equator, T the Tropic of Cancer, the dotted Cirels of the Earth, 
the parallel of London, U the arctic or north polar Circle, and P the and it's Orbit. 
north Pole where all the Meridians or hour Circles meet $.198. As 
the Earth goes round the Sun the north Pole keeps conſtantly. towards 
one part of the Heavens, as it keeps in the Figure towards the right 
hand fide of the Plate. 4 
When the Earth is at the beginning of Libra, namely on the 2oth of 
March, in this Figure (as at g in Fig. I.) the Sun & as ſeen from 
the Earth appears at the beginning of Aries -in the oppoſite part of Vernal Equi- 
the Heavens *, the north Pole is juſt coming into the light, the Sun nox. 
is vertical to the Equator ; which, together with the Tropic of Cancer, 
parallel of London, and arctic Circle, are all equally cut by the Circle 
bounding light and darkneſs, coinciding with the fix o'clock hour 
Circle, and therefore the days and nights are equally: long at all 
places: for every part of the Meridian La comes into the light at 
ſix in the morning, and revolving with the Earth according to the order 
of the hour-letters, goes into the dark at fix in the evening. There are 
24 Meridians or hour-Circles drawn on the Earth in this Figure, to ſhew 
the time of Sun riſing and ſetting at different Seaſons of the Year. 7 
As the Earth moves in the Ecliptic according to the order of the — 
letters ABCD, &c. through the Signs Libra, Scorpio, and Sagittarius, 
the north Pole comes more and more into the light; the days increaſe 
as the nights decreaſe in length, at all places north of the Equator A; 
which' is plain by viewing the Earth at 6 on the zth of May, when it 
is in the 1 5th degree of Scorpio , and the Sun as ſeen from the Earth 
appears in the 1 5th degree of Taurus. For then, the Tropic of Can- Fig. II. 
cer T is in the light from a little after five in the morning till almoſt 
ſeven in the evening; the parallel of London from half an hour paſt 
four till half an hour paſt ſeven; the polar Circle U from three till 
nine; and a large track round the north Pole P has day all the 24 
hours, for many rotations of the Earth on it's Axis. 
Here we muſt ſuppoſe the Sun to be no bigger than an ordinary point (as ·) be- 
cauſe he only covers a Circle half a degree in diameter in the Heavens; whereas in the 


figure he hides a whole ſign at- once from the Earth, | 
+ Here we muſt ſuppoſe the Earth to be a much ſmaller point than that in the pre- 


LIES! 
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When the Earth comes to c, at the beginning of Capricorn, and the 
Sun as ſeen from the Earth appears at the beginning of Cancer, on 
the 21ſt of June, as in this Figure, it is in the poſition @ in Fig. I; 


and it's north Pole inclines toward the Sun, ſo as to bring all the north 


Summer Sol- 
ſtice. 


Autumnal 
Equinox. 


frigid Zone into the light, and the northern parallels of Latitude more 
into the light than the dark from the Equator to the polar Circles; 
and the more ſo as they are farther from the Equator. The Tropic 
of Cancer is in the light from five in the morning till ſeven at night, 
the parallel of London from a quarter before four till a quarter after 
eight; and the polar Circle juſt touches the dark, ſo that the Sun 
has only the lower half of his Diſc hid from the inhabitants on that 
Circle for a few minutes about midnight, ſuppoſing no inequalities in 
the Horizon and no Refractions. 2 85 | 

A bare view of the Figure is enough to ſhew, that as the Earth 
advances from Capricorn toward Aries, and the Sun appears to move from 
Cancer toward Libra, the north Pole recedes toward the dark, which 
cauſes the days to decreaſe, and the nights to increaſe in length, till 
the Earth comes to Aries, and then they are equal as before; for the 
boundary of light and darkneſs cut the Equator and all it's parallels 
equally, or in halves. The north pole then goes into the dark, and 
continues therein until the Earth goes half way round it's Orbit; or, 
from the 23d of September till the 2oth of March. In the middle 


between theſe times, wiz. on the 22d of December; the north Pole is 


Winter Sol- 
ſtice. 


The Pheno- | 


mena of Sa- 
turn's Ring. 


as far as it can be in the dark, which is 23 degrees, equal to the 
inclination of the Earth's Axis from a perpendicular to it's Orbit: and 
then, the northern parallels are as much in the dark as they were in 
the light on the 21 of June; the winter nights being as long as the 
ſummer days, and the winter days as ſhort as the ſummer nights. 
It is needleſs to multiply words on this ſubject, as we ſhall have occa- 
ſion to mention the ſeaſons again in deſcribing the Orrery, § 439. 
Only this muſt be noted, that all that has been ſaid of the northern 
Hemiſphere, the contrary muſt be underſtood of the ſouthern; for 
on different ſides of the Equator the ſeaſons are contrary, becauſe, 
when the northern Hemiſphere inclines toward the Sun the ſouthern 
declines from him. j 195 


204. As Saturn goes round the Sun, his obliquely poſited ring, like 
our Earth's Axis, keeps parallel to itſelf, and is therefore turned edge- 
wiſe to the Sun twice in a Saturnian year, which is almoſt as lon 
as 30 of oyr years F 81. But the ring, though conſiderably broad, 
is too thin to be ſeen when it is turned round edgewiſe to the Sun, It 
Pn.” | hic 
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which time it is alſo edgewiſe to the Earth; and therefore, it diſap- PLATE V. 


pears once in every fifteen years to us. As the Sun ſhines half a year 
on the north pole of our earth, then diſap ears to it, and ſhines as 
long on the ſouth pole; ſo, during one half of Saturn's: year the dun 
ſhines on the — ſide of his ring, then diſappears to it, and ſhines 
as long on it's ſouth ſide. When the Earth's Axis inclines neither to 
nor from the Sun, but ſidewiſe to him, he inſtantly ceaſes to ſhine 
on one pole, and begins to enlighten, the other; and when Saturn's 
Ring inclines neither to nor from the Sun, but ſidewiſe to him, he 


ceaſes to ſhine on the one fide of it, and begins to ſhine upon the 


other. 


order of the letters, and when Saturn is at A his ring is turned edge- 
wiſe to the Sun S, and he is then ſeen from the Earth as if he had loſt 
his ring, let the Earth be in any part of its Orbit whatever, except be- 
tween Nand O; for whilſt it deſcribes that ſpace, Saturn is apparently ſo 
near the Sun as to be hid in his beams. As Saturn goes from A to 
C his ring appears more and more open to the Earth; at C the ring ap- 
pears moſt open of all; and ſeems to grow narrower and narrower as Sa- 
turn goes from C to E; and when he comes to E, the ring is again 
turned edgewiſe both to the Sun and Earth: and as neither of it's 
ſides are illuminated, it is inviſible to us, becauſe it's edge is too thin 
to be perceptible : and Saturn appears again as if he had loſt his ring. 
But as he goes from E to G, his ring opens more and more to 4 
view on the under fide ; and ſeems, 7 as open at CG as it was at C 

and may be ſeen in the night- time from the Earth in any part of 158 
Orbit, except about M, when the Sun hides the Planet from our view. 
As Saturn goes from G to A his ring turns more and more edgewiſe 
to us, and therefore it ſeems to, grow. narrower and narrower ; and at 
A it diſappears as before, 0 Hence, while Saturn goes from A to E 
the Sun ſhines on the upper ſide of his ring, and the under fide is 
dark; but whilſt he goes from E to A the Sun ſhines on the under 


ſide of his ing, and the upper ſide is dark. 


It may perhaps be imagined that this Article might have been placed 
more properly after & 8 1 than here: but when the candid reader con- 
ſiders that all the various Phenomena. of Saturn's Ring depend upon 
a cauſe ſimilar to that of our Earth's ſeaſons, he will readily. allow 


that they are beſt explained ber 5 and that ag two Figures ſerve Fig. I and I. 


to illuſtrate each other. 
205. Ne 


Let $ be che Sun, ABCDEFGH Saturn's Orbit, and IL ANON. m. 
the Earth's Orbit. Both Saturn and the Earth move according to the 
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PLATEVI. 205. The Farth's Orbit being elliptical, and the Sun conſtantly 
The Earth keeping in it's lower Focus, which is 1,377,000 miles from the middle 
nearer the point of the longer Axis, the Earth comes twice ſo much, or 


n 2,754,000 miles nearer the Sun at one time of the year than at an- 
ſummer. other: for the Sun appearing under a larger Angle in our winter 
than ſummer, R 0 the Earth is nearer the Sun in winter, (/e 
the Note on Art. 18 70 But here, this natural queſtion will ariſe, 


Why have we not tlie hotteſt weather when the Earth is neareſt the 


Sun? In anſwer it moſt be obſerved, that the excentricity of the 


Earth's Orbit, or 1 million 377 miles bears no greater proportion 
Why the wen, to the Earth's mean diſtance from the Sun than 17 does to 1000; 


„ and therefore, this ſmall difference of diſtance cannot occaſion an 


eſt the Sun. 


Earth is near- great difference of heat or cold. But the principal cauſe of this dif: 


erence is, that in winter the Sun's rays fall fo obliquely upon us, 
that any given number of them is ſpread over a- much greater por- 
tion of the Fatth's ſurface where we live; and therefore each point 
muſt then have fewer rays than in ſummer. Moreover, there 
comes a greater degree of cold in the long winter nights, than there 
can return of heat in fo ſhort days; and on both theſe accounts the 
cold muſt increaſe. But in ſummer the Sun's rays fall more per- 
pendicularly upon us, and therefore come with greater force, and in 
greater numbers on the ſame place; and by their long continuance, 
a much greater degree of heat is imparted by day than can fly off by 


night. 
455. That a greater number of rays fall on the ſame place, when 
they come perpendiculatly, than they come obliquely on it, 


Fig. II. will appear by the Figure. For, let AB be a certain number of the 
Sun's rays falling on CD (which, let us ſuppoſe to be London) on 
the 22d of June: but, on the 22d of December, the line CD, or 
London; has the oblique poſition CA to the fame rays; and therefore 
ſcarce a third part of them falls upon it, or only thoſe between A and 
e; all the reſt eB being expended on the ſpace dP, which is more 
than double the length of CD or Cd. Befides, thoſe parts which are 
once heated, retain the heat for fome time ; which, with the addi- 

tional heat daily imparted, makes it continue to increaſe, though the 
Sun declines toward the ſouth: and this is the reaſon why July is 
hotter than June, although the Sun has withdrawn from the ſummer 
Tropic ; as we find it is 4 hotter at three in the afternoon, 
when the Sun has gone toward the weſt, than at noon when he is 
on the Meridian. Likewiſe, thoſe places which are well cooled re- 
quire time to be heated again; for the Sun's rays do not heat even 

| - the 
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the ſurface of any body till they have been ſome time upon it. 
And therefore we find January for the moſt part colder than De- 
cember, although the Sun has withdrawn from the winter Tropic, and 
begins to dart his beams more perpendicularly upon us, when we 
have the poſition CF. An iron bar is not heated immediately upon 
being put into the fire, nor grows cold till ſome time after it has 
been taken out. | 


CHAP, XI. 


The Method of finding the Longitude by the Eclipſes of 
Jupiter s Satellites: The amazing Velocity of Light 
demonſtrated by theſe Eclipſes. | s 


207. —— arbitrarily chooſe to call the Meridian of ſome Firſt Meridi- 
V remarkable place the firſt Meridian, There they begin au ugh a 
their reckoning ; and juſt ſo many degrees and minutes as any o 722 * 
place is to the eaſtward or weſtward of that Meridian, ſo much caſtor weſt 
Longitude they ſay it has, A degree is the 360th part of a Circle, be 
it great or ſmall ; and a minute the 6oth part of a degree. The En- 
gliſb Geographers reckon the Longitude from the Meridian of the Royal 
Obſervatory at Greenwich, and the French from the Meridian of Paris. 
208. If we imagine twelve great Circles, one of which is the PLATE V. 
Meridian of any given place, to interſect each other in the two Poles Fig. 11. 
of the Earth, and to cut the Equator & at every 15th degree, they _ 
will be divided by the Poles into 24 Semicircles which divide the 
Equator into 24 equal parts; and as the Earth turns on it's Axis, 
the planes of theſe Semicircles come ſucceſſively after one another every Hour Circles. 
hour to the Sun. As in an hour of time there is a revolution of 
1 5 degrees of the Equator, in a minute of time there will be a revolu- 
tion of 15 minutes of the Equator, and in a ſecond of time a revolu- An hour of 
tion of 15 ſeconds. There are two tables annexed to this Chapter, for 3 = 
reducing mean ſolar time into degrees and minutes of the terreſtrial motion. 
Equator ; and alſo for converting degrees and parts of the Equator into 
mean ſolar time. 
209. Becauſe the Sun enlightens only one half of the Earth at once, 
as it turns round it's Axis he riſes to ſome places at the ſame moments - 
of abſolute Time that he ſets to others; and when it is mid-day to 
ſome places, it is mid-night to others. The XII on the middle of the 
Earth's enlightened fide, next the Sun, ſtands for mid-day ; and the 
100 f | oppolite 
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oppoſite XII on the middle of the dark fide, for „ If we 

ſuppoſe this Circle of hours to be fixed in the plane of the Equinoc- 

tial, and the Earth to turn round within it, any particular Meridian will 

come to the different hours ſo, as to ſhiew the true time of the day or 

night at all places on that Meridian. Therefore, M3 1 85 

210. To every place 15 degrees eaſtward from any given Meridian, 

it is noon an hour ſooner than on that Meridian; becauſe their Meri- 

dian comes to the Sun an hour ſooner: and to all places 15 degrees 

weſtward it is noon an hour later & 208, becauſe their Meridian comes 

And conſe- an hour later to the Sun; and ſo on: every 15 degrees of motion 
122 tg cauſing an hour's difference in time. Therefore they who have noon 
Longitude, an hour later than we, have their Meridian, that is, their Longitude 
| 15 degrees weſtward from us; and they who have noon an hour ſooner 
than we, have their Meridian 15 degrees eaſtward from ours: and fo 

for eyery hour's difference of time 15 degrees difference of Longitude. 
LonarFclipſes Conſequently, if the beginning or ending of a Lunar Eclipſe be ob- 
aſeful in tna ſerved, ſuppoſe at Londen,” to be exactly at mid-night, and in ſome 

ing the Longi- : X . | | 

rude. other place at 11 at night, that-place is 15 degrees weſtward from the 
Meridian of London: if the fame Eclipſe be obſerved at one in the 

morning at another place, that place is 15 degrees eaſtward from the 
2 reren 5 IO ig If 
211. But as it is not eaſy to determine the exact moment either of 

Eclipſes of the beginning or ending of a Lunar Eclipſe, becauſe the Earth's 
Japiter's Sa. ſhadow through which the Moon paſſes is faint and ill defined about 
tellites much e $3 1 3 dg 
better for that the edges; we have recourſe to the Eclipſes of Jupiter's Satellites, 
purpoſe. Which diſappear fo inſtantaneouſly as they enter into Jupiter's ſhadow, 
and emerge fo ſuddenly out of it, that we may fix the phenomenon 

to half a ſecond of time. The firſt or neareſt Satellite to Jupiter is the 

= moſt advantageous for this purpoſe, becauſe it's motion is quicker than 

the motion of any of the reſt, and therefore it's immerſions and emer- 


Hons are more frequent. 2 


212. The Exgliſʒ Aſtronomers have made Tables for ſhewing the 
times of the Eclipſes of Jupiter's Satellites to great preciſion, for the 
Meridian.of Greenwich. Now, let an obſerver, who- has theſe Tables 
with a good Teleſcope and a well-regulated Clock at any other place 

How to ſolve of the Earth, obſerve the beginning or ending of an Eclipſe. of one 
— 4 of Jupiter's Satellites, and note the preciſe moment of time that he 
ſaw the Satellite either immerge into, or emerge out of the ſhadow, 
and compare that time with the time ſhewn by the Tables for Green- 


v0; then, 15 degrees difference of Longitude being allowed for every 
1 | hour's 
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hour's difference of time, will give the Longitude of that place from PLATE v. 
Greenwich, as above & 210; and if there be any odd minutes of time, | 
for every minute a quarter of a degree, eaſt or weſt muſt be allowed, 
as the time of obſervation is before or after the time ſhewn by the 
Tables. Such Eclipſes are very convenient for this purpoſe at land, 
becauſe they happen almoſt every day ; but are of no uſe at ſea, becauſe 
the rolling of the _ hinders all nice teleſcopical obſervations. | 
213. To explain this by a Figure, let F be Jupiter, K, L, M. Nig. II. 
his four Satellites in their reſpective Orbits 1, 2, 3, 43 and let the 
Earth be at / (ſuppoſe in November, although that month is no other- 
ways material than to find the Earth readily in this ſcheme, where it Illuſtrated by 
is ſhewn in eight different parts of it's Orbit.) Let Q. be a place on ple. 
the Meridian of Greenwich, and R a place on ſome other Meridian. 
Let a perſon at R obſerve the inſtantaneous vaniſhing of the firſt Sa- 
tellite K into Jupiter's ſhadow, ſuppoſe at three o'clock in the morning ; 
but by the Tables he finds the immerſion of that Satellite to be at mid- 
night at Greenwich he can then immediately determine, that as there 
are three hours difference of time between 2 and R, and that R is 
three hours forwarder in reckoning than Q, it muſt be 45 degrees of 
eaſt Longitude from the Meridian of 2. Were this method as prac- 
ticable at ſea as at land, any ſailor might almoſt as eaſily, and with 
equal certainty, find the Longitude as the Latitude. 

214. Whilſt the Earth is going from C to F in it's Orbit, only the Fig: II. 
immerſions of Jupiter's Satellites into his ſhadow are generally ſeen; We ſeldom 
and their emerſions out of it while the Earth goes from G to B. In- ſee the _— 
deed, both theſe appearances may be ſeen of the ſecond, third, and r e 
fourth Satellite when eclipſed, whilſt the Earth is between D and E, Eclipſe of any 


or between G and A; but never of the firſt Satellite, on account of the 1 - 


ſmallneſs of it's Orbit and the bulk of Jupiter ; except only when Ju- 
piter is directly oppoſite to the Sun; that is, when the Earth is at g: 
and even then, ſtrictly ſpeaking, we cannot ſee either the immerſions 
or emerſions of any of his Satellites, becauſe his body being directly be- 
tween us and his conical ſhadow, his Satellites are hid by his body a few 
moments before they touch his ſhadow ; and are quite emerged from 
thence before we can ſee them, as it were, juſt dropping — him. 
And when the Earth is at c, the Sun being between it and Jupiter hides 
both him and his Moons from us. 

In this Diagram, the Orbits of Jupiter's Moons are drawn in true 
proportion to his diameter; but, in proportion to the Earth's Orbit they 


are drawn 81 times too large. 


N | - 2M 
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PLATE VI. 215. In whatever month of the year Jupiter is in conjunction with 
upiter's con-the Sun, or in oppoſition to him, in the next year it will be a month 
junctions with later at leaſt. For whilſt the Earth goes once round the Sun, Jupiter 
1 deſcribes a twelfth part of his Orbit. And therefore, when the Earth 
him, are every has finiſhed it's annual period from being in a line with the Sun and 
year in differ- Jupiter, it muſt go as much forwarder as Jupiter has moved in that 

ent parts of 2. 3 : x 
the Heavens. time, to overtake him again : juſt like the minute hand of a watch, which 
muſt, from any conjunction with the hour hand, go once round the 


dial-plate and ſomewhat above a twelfth part more, to overtake the 
hour hand again. | 


216. It is found by obſervation, that when the Earth is between the 

Sun and Jupiter, as at g, his Satellites are eclipſed about 8 minutes 

ſooner than they ſhould be according to the Tables: and when the 

Earth is at B or C, theſe Eclipſes happen about 8 minutes later than 

the Tables predict them. Hence it is undeniably certain, that the 

motion of light is not inſtantaneons, ſince it takes about 16+ minutes 

of time to go through a ſpace equal to the diameter of the Earth's 

Orbit, which is 162 millions of miles in length: and conſequently 

the particles of light fly about 164 thouſand 494 miles every ſecond of 

time, which is above a million of times ſwifter than the motion of a 

The ſurpriſ- cannon bullet. And as light is 16+ minutes in travelling acroſs the 
ing velocity Earth's Orbit, it muſt be 8+ minutes in coming from the Sun to us: 
of light. therefore, if the Sun were annihilated we ſhould fee him for 8 mi- 
nates after; and if he were again created he would be 8+ minutes old 

before we could ſee him. 1 e | 

Fig. V. 217. To illuſtrate this progreſſive motion of light, let A and B be 
the Earth in two different parts of it's Orbit, whoſe diſtance is 81 

millions of miles, equal to the Earth's diſtance from the Sun S. It 

Illuftrated by is plain, that if the motion of light were inſtantaneous, the Satellite 1 
a Figure. would appear to enter into Jupiter's ſhadow FF at the ſame moment 
of time to a ſpectator in A as to another in B. But by many years 
obſervations it has been found, that the immerſion of the Satellite into 
the ſhadow is ſeen 8+ minutes ſooner when the Earth is at B, than 
when it is at 4. And ſo, as Mr. Rome firſt diſcovered, the motion 
of light is thereby proved to be progreſſive, and not inftantaneous, 
as was formerly believed. It is eaſy to compute in what time the 
Earth moves from to B; for the chord of 60 degrees of any Gircle 
is equal to the Semidiameter of that Circle; and as the Earth goes 
through all the 360 degrees of it's Orbit in a year, it goes through 
60 of thoſe degrees in about 61 days. Therefore, if on any given 
I | day, 


1 


— 
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day, ſuppoſe. the firſt of June, the Earth is at 4, on the firſt of 
Auguſt it will be at B. the chord, or ftraight line AB, being equal to 
DS the Radius of the Earth's Orbit, the fame with AS-it's diſtance 
from the Sun. 0 215 

218. As the Earth moves from D to C, through the ſide AB of 
it's Orbit, it is conſtantly meeting the light of Jupiter's Satellites ſooner, 
which occaſions an apparent acceleration of their Eclipſes: and as it 
moves through the other half H of it's Orbit, from C to D, it is 
receding from their light, which occaſions an apparent retardation 
of their Eclipſes, becauſe their light is then longer ere it overtakes 
the Earth. . 

2 19. That theſe accelerations of the immerſions of Jupiter's Satel- 
lites into his ſhadow, as the Earth approaches towards Jupiter, and 
the retardations of their emerſions out of his ſhadow, as the Earth 
is going from him, are not occaſioned by any inequality ariſing from 
the motions of the Satellites in excentric Orbits, 1s plain, becauſe it 
affects them all alike, in whatever parts of their Orbits they are eclipſed. 
Beſides, they go often round their Orbits every year, and their motions 
are no way commenſurate to the Earth's. Therefore, a Phenomenon 
not to be accounted for from the real motions of the Satellites, but fo 
eaſily deducible from the Earth's motion, and fo anſwerable thereto, 
muſt be allowed to reſult from it. This affords one very good proof 


of the Earth's annual motion. 


N 2 220. TABLES 


To convert Motion into Time, and the reverſe. 


220. TABLES for converting mean ſolar T1ME into Degrees and 


Parts of the terreſtrial EquaToR; and alſo for converting De- 


grees and Parts of the EqQuaToR into mean ſolar Time. 


TanLt I. For converting Time into 
Degreees and Parts of the Equtor. - 


Tas II. For converting Degrees and 
Parts of the Equator into Time. 
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Of. Hol, and Sidereal Time. 


Theſe are the Tables mentioned in the 208th Article, and are ſo eaſy 


that they ſcarce require any farther explanation than to inform the reader, 
that if, in Table I. he reckons the columns marked with Aſteriſks to 
be minutes of time, the other columns give the equatoreal parts or 
motion in degrees and minutes ; if he reckons the Aſteriſk columns to 
be ſeconds, — oh others give the motion in minutes and ſeconds of the 
Equator ; if thirds, in ſeconds and thirde: And if in Table II. he 
reckons the Aſteriſk columns to be degrees of motion, the others give 
the time anſwering thereto in hours and minutes; if minutes of mo- 


tion, the time is minutes and ſeconds; if ſeconds of motion, the cor- 


reſponding time is given in ſeconds and thirds. An example in each 
caſe will make the whole very plain. | | 


EXAMPLE II. 


EXAMPLE I. | 
In 10 hours 15 minutes 24 ſe- | In what time will 153 degrees 
conds 20 thirds, Q. How much | 51 minutes 5 ſeconds of the E- 
of the Equator revolves through the 2 revolve through the Meri- 
Meridian? . ian? i | | 
| Deg. M. S. ku e, 
Hours 10 130 0 8 1 50 \ 8... 0: 06 
Min. 124 .- 3 45 © D 1 3 „ .0- 0 
Sec. 243 S 1 
Thirds 20 eie | 20 
Anſwer. 153 3 ' Anfwer 10 15 24 20 


CHAP: XI. 
Of Solar and Sidereal Time. 


221, _ fixed Stars appear to 7 round the Earth in 23 hours Sidereal days 


56 minutes 4 ſeconds, and the Sun in 24 hours: ſo that 
the Stars gain three minutes 56 ſeconds upon the Sun every day, which 
amounts to one diurnal revolution in a year; and therefore, in 365 
days as meaſured by the returns of the Sun to the Meridian, there are 
366 days as meaſured by the Stars returning to it: the former are called 
Solar Days, and the latter Szdereal. #* . | 

The diameter of the Earth's Orbit is but a, phyſical point in propor- 
tion to the diſtance of the Stars ; for which 1 05 and the Earth's uni- 
form motion on it's Axis, any given Meridian will revolve from — 

1 | | 


% 


ſhorter than 
ſolar days, 
and why. 
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PLATE III. Star to the ſame Star again in every abſolute turn of the Earth on it's 
= Axis, without the leaſt perceptible difference of time ſhewn by a 
clock which goes exactly true. . g 1 
If the Farth had only a diurnal motion, without an annual, any 
given Meridian would revolve from the Sun to the Sun again in the 
lame quantity of time as from any Star to the ſame Star again; becauſe 
the Sun would never change his place with reſpe& to the Stars. But, 
as the Earth advances almoſt a degree eaſtward in it's Orbit in the 
time that it turns eaſtward round it's Axis, whatever Star paſſes over 
the Meridian on any day with the Sun, will paſs over the ſame Meri- 
dian on the next day when the Sun is almoſt a degree ſhort of it; that 
is, 3 minutes 56 ſeconds ſooner. If the year contained only 360 days 
as the Ecliptic does 360 degrees, the Sun's apparent place, ſo far as 
his motion is equable, would change a degree every day; and then the 
ſidereal days would be juſt four minutes ſhorter than the ſolar. 
Fig. II. Let ABCDEFGHIKLM be the Earth's Orbit, in which it goes 
| round the Sun every year, according to the order of the letters, that 
is, from weſt to eaſt, and turns round it's Axis the ſame way from the 
Sun to the Sun again every 24 hours. Let & be the Sun, and Ra 
fixed Star at ſuch an immenſe diſtance that the diameter of the 
Earth's Orbit bears no ſenſible proportion to that diſtance. Let Nm be 
any particular Meridian of the Earth, and N a given point or place 
upon that Meridian. When the Earth is at A, the Sun & hides the 
Star R, which would always be hid if the Earth never removed from 
A; and conſequently, as the Earth turns round it's Axis, the point N 
would always come round to the Sun and Star at the ſame time. But 
when the Earth has advanced, ſuppoſe a twelfth part of it's Orbit from 
A to B, it's motion round it's Axis will bring the point N a twelfth 
part of a day or two hours ſooner to the Star than to the Sun; for the 
Angle NB is equal to the Angle ASB :and therefore, any Star which 
comes to the Meridian at noon with the Sun when the Earth is at A, 
will come to the Meridian at 10 in the foren6on When tlie Earth is at 
| B. When the Earth comes to C the point N will have the Star on 
5 it's Meridian at 8 in the morning, or four hours ſooner than it comes 
round to the Sun , for it muſt revolve from N to u, before it has the Sun 
in it's Meridian. When the Earth comes to D, the point N will have 
the Star on it's Meridian at fix in che morning, but that point muſt 
revolve ſix hours more from N to u, before it has mid-day by the Sun: 
for now the Angle ASD is a right Angle, and fo is NDn; that is, the 
Earth has advanced 90 degrees in it's Orbit, and muſt turn 90 degrees 
on its Axis to carry the point N from the Star to the Sun: for the 
Star 
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Star always comes | s 
to the Meridian A TABLE, ſhewing how much of the Celeſtial 


when Nmisparal- | Equator paſſes over the Meridian in any part o 
lel to RSA; be- a mean SoLar Dar ; and how much the Fixx 
cauſe DS is buta, | STARS gain upon the mean Sor AR TIME every 
point in reſpect of | Day, for a Month. e 


RS. When the I 5 
. ; 12 Motion. 2 ion. 
Earth is at E, the || . |Þ _. 
Star comes tothe | | — | 2 Mr ＋ Accelerations 2 
Meridian at 4 in 5 8 5 15 =P Ee 
the morning; at g. © E _— Ws Be, SER ba 
F. at two in the 5 % HEHE q E 1 
morning; and at & &_ 2 5 —[=|= — -I. 
G, the Earth ha- F „ 0 
+ , . . ' « Fs; D. H. M. 8 
ving gone half — . — . —— 
round it's Orbit, — 5 56 : - he w 64 . 110 356 
. | | 513218 1 19 24 0. 7 52 
N points tO the 343 7 24] L 45. N 21 310 11 75 
Star R at mid- 4 e o 1034] 8 31 N. 
night, being then | „ et — | 5| © 9 39 
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the Sun again, | | 5 | 
* 222. Thus 
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An abſolute 
Turn of the 
Earth on it's 
Axis never 
finiſhes a 
ſolar day. 


Fig. II. 


To know by 
the Stars 
whether a 
Clock goes 
true or not. 
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PLATEII. - 222. Thus it is plain, that an abſolute turn of the Earth on it's Axis 


(which is always completed-when the ſame Meridian comesto be parallel 
to it's ſituation at any time of the day before) never brings the fame 
Meridian round from the Sun to the Sun again ; but that the Earth 
requires as much more than one'tyrn on it's Axis to finiſh a natural 
day, as it has gone forward in that time ; which, at a mean ſtate is a 
365th part of a Circle. Hence, in 365 days the Earth turns 366 
times round it's Axis; and therefore, as a turn of the Earth on it's 
Axis compleats a ſidereal day, there muſt be one ſidereal day more in 
a year than the number of ſolar days, be the number what it will, on 


the Earth, or any other Planet. One turn being loſt with reſpect 


to the number of ſolar days in a year, by the Planet's going round 


the Sun; juſt as it would be loſt to a traveller, who, in going round 


the Earth, would loſe one day by following the apparent diurnal mo- 


tion of the Sun: and conſequently, would reckon one day leſs at his 
return (let him take what time he would to go round the Earth) than 
thoſe who remained all the while at the place from which he ſet 
out. So, if there were two Earths revolving: equably on their Axes, and 


if one remained at A until the other travelled round the Sun from A 
to A again, that Earth which kept it's place at A would have it's ſolar 


and ſidereal days always of the fame length; and ſo, would have one 
ſolar day more than the other at its return. Hence, if the Earth 
turned but once round it's Axis in a year, and if hat turn was made 
the ſame way as the Earth goes round the Sun, there would be con- 
tinual day on one ſide of the Earth, and continual night on the other. 
223. The firſt part of the preceding Table ſhews how much of the 
celeſtial Equator paſſes over the Meridian in any given part of a mean 
ſolar day, and is to be underſtood the ſame way. as the Table in the 
220th article. The latter part, intitled, Accelerations of the fixed Stars, 
affords us an eaſy method of knowing whether or no our clocks and 
watches go true: For if, through a {mall hole in a window-ſhutter, 
or in a thin plate of metal fixed to a window, we obſerve kt what 
time any Star diſappears behind a chimney, or corner of a houſe, at a 
little diſtance ; and if the fame Star diſappears the next night 3 minutes 
56 ſeconds ſooner by the clock or watch; and on the ſecond night, 7 
minutes 52 feconds ſooner ; the third night 11 minutes 48 . 
ſooner; and ſo on, every night, as in the Table, which ſhews this dif- 
ference for 30 natural days, it is an infallible Sign that the machine 
goes true; otherwiſe it does not go true; and muſt be regulated ac- 
cordingly : and as the diſappearing of a Star is inſtantaneous, we may 
—. on this information to half a ſecond. 
| | CHAP. 
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CHAP. XIII. 
Of the Equation of Time. | 


224. FT HE Earth's motion on it's Axis being perfectly uniform, and 
equal at all times of the year, the ſidereal days are always 
preciſely of the ſame length; and fo would the ſolar or natural days be, 
if the Earth's Orbit were a perfect Circle, and it's Axis perpendicular 
to it's Orbit. But the Earth's diurnal motion on an inclined Axis, and The Sun and 
it's annual motion in an elliptic Orbit, cauſe the Sun's apparent motion Sie dn dun 
in the Heavens to be unequal : for ſometimes he revolves from the days of the 
Meridian to the Meridian again in ſomewhat leſs than 24 hours, ſhewn ear. 
by a well regulated clock; and at other times in ſomewhat more: ſo 
that the time ſhewn by an equal going clock and a true Sun-dial is 
never the ſame but on the 15th of April, the 16th of June, the 31ſt 
of Auguſt, and the 24th of December. The clock, if it goes equally 
and true all the year round, will be before the Sun from, the 24th of 
December till the 15th of April; from that time till the 16th of June 
the Sun will be before the clock ; from the 16th of Dy till the 3 iſt 
of Auguſt the clock will be again before the Sun; and from thence to 
the 24th of December the Sun will be faſter than the clock. 

225. The Tables of the Equation of natural days, at the end of this Uſe of the 
Chapter, ſhew the tithe that ought to be pointed out by a well regu- Tb 
lated clock or watch every day of the year at the preciſe moment ; 
folar noon; that is, when the Sun's centre is on the Meridian, or. 
when a true Sun- dial ſhews it to be preciſely Twelve. Thus, on the 
5th of January in Leap-year, when the Sun is on the Meridian, it 
ought to be 5 minutes 51 ſeconds paſt twelve by the clock; and on the 
15th of May, when the Sun is on the Meridian, the time by the clock 
ſhould be but 55 minutes 57 ſeconds paſt eleven: in the former caſe, 
the clock is 5 minutes 51 ſeconds beforehand with the Sun; and in 
the latter caſe, the Sun is 4 minutes 3 ſeconds faſter than the clock. 

The column at the right hand of each month ſhews. the daily dif- 
ference of this equation, as it increaſes or decreaſes. | But without a 
Meridian Line, or a Tranfit-Inſtrument fixed in the plane of the Me- 


ridian, we cannot ſet a Sun-dial true. 


How to draw 


226. The eaſieſt and moſt expeditious way of drawing a Meridian a Meridian 


Line is this : Make four or five * Circles, about a quarter of I ine. 
| ri ain 
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an inch from one another, on a flat board about a foot in breadth ; 
and let the outmoſt Circle be but little leſs than the board will con- 


tain. Fix a pin perpendicularly in the center, and of ſuch a len 


that it's whole ſhadow may fall within the innermoſt Circle for at leaſt 
four hours in the middle of the day. The pin ought to be about an 
eighth part of an inch thick, with a round blunt point. The board 
being ſet exactly level in a place where the Sun ſhines, ſuppoſe from 
eight in the morning till four in the afternoon, about which hours the 
end of the ſhadow ſhould fall without all the Circles ; watch the times 
in the forenoon, when the extremity of the ſhortening ſhadow juſt 


touches the ſeveral Circles, and there make marks. Then, in the 


afternoon. of the ſame day, watch the lengthening ſhadow, and where 
it's end touches the ſeveral Circles in going over them, make marks 
alſo. Laſtly, with a pair of compaſſes, find exactly the middle point 
between the two marks on any Circle, and draw a ftraight line from the 
center to that point; which Line will be covered at nobn by the ſhadow 
of a ſmall upright wire, which ſhould be put in the place of the pin. 
The reaſon for drawing ſeveral Circles is, that ical one part of the 
day ſhould prove clear, and the other part ſomewhat cloudy, if you 
miſs the time when the point of the ſhadow ſhould touch one Circle, 
_ may perhaps catch it in touching another. The beſt time for draw- 
g a Meridian Line 'in this manner is about the middle of fummer ; 
becauſe the Sun changes his Declination ſloweſt and his Altitude 
faſteſt in the longeſt days. | | T5 


the caſement of 'a window on which the Sun ſhines at ncon be 


- * 


uite upright 'you may draw a line along the edge of it's ſhadow on 
the floor,” When the ſhadow of the pin is exactly on the Meridian Line 
of the board: and as the motion of the ſhadow of the caſement will be 
much more ſenſihle on the Floor, than that of the ſhadow of the pin 
on the board, you may know to a few ſeconds when it touches the 
Meridian Line on the floor; and fo regulate your clock for the day of 
obſervation by that line and the Equation Tables above-mentioned 
r | | 


227. As the Equation of time, or difference between the time 


. ſhewn by a well regulated Clock and a true Sun-dial, depends upon 


two cauſes, namely, the obliquity of the Ecliptic, and the unequal 
motion of the Earth in it, we ſhall firſt explain the effects of theſe 
cauſes ſeparately conſidered, and then the united effects reſulting from 
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2 228. The& Earth's motion' on it's Axis 8 equable, Or PLATE VI. 


always at the ſame rate, and the * plane of Equator being per- 
pendicular to it's Axis, tis evident that in equal times equal por- 
tions of the Equator paſs. over the Meridian; and ſb would equal 
portions of the Eoliptie if it were parallel to or coincident with the 
Equator. But, as the Ecliptic is oblique to the Equator, the equable 
motion of the Earth carries unequal portions of the Ecliptic over the 
Meridian in equal times, the difference being proportionate to the 
obliquity; and as ſome parts. of the Ecliptic are much more oblique 
than others, thoſe differendes ate uhequal among themſelves.” There- 
fore, if two Sans ſhould: ſtart either from the beginning of Aries or 
Libra, and continue to move through equal arcs in equal times, one 
in the Equator, and the other in the Echptic, the equatoreal Sun 
would always return to the Meridian in 24 hours time, as meaſured 
by a well regulated clock; but the Sun in the Eeliptie would re- 


turn to the Meridian ſometimes ſooner, and ſometimes later than tlie 


17 1 


always anſwers. 


The firſt part 
of the Equa- 
tion of time. 


Let Z ꝙp 2 N be the Earth, Z ER it's Axis, dbcde GC. the Equator, Fig. III. 


the ſide of the Globe next the eye, and MNOP &c. the ſouthern 
half on the oppoſite fide from to P. Let the points at A, B; 
C, D, E, F, &. quite round from - to P again bound equal por- 
tions of the Ecliptic, gone through in equal times by the real Sun; 
and thoſe at a, 6, c, d, e, f, &c, equal - portions” of the Equator 
deſcribed in equal times by the fictitious Sun; and let Ep be the 
Meridian. 8 Til ut Rid berg 

As the real Sun moves obliquely in the Ecliptic, and the fictitious 
Sun directly in the Equator, with reſpect to the Meridian, a degree, 
or any number of degrees, between ꝙ and F on the Ecliptic, muſt 


Ilan Earth were cut along the Equator, quite through the center, the flat ſurface 

of this ſection would be the plane of the Equator; as the paper contained within. any 

Circle may be juſtly termed the plane of that Circle. — | 
ah e R 
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be nearer the Meridian Z , than a degree, or any vorreſponding 
number of degrees on the Equator from p to /; and the more ſo, 
as they are the more — — and therefore the true Sun comes 


ſooner to the Meridian whilſt he is in the quadrant ꝙ F, than the 
fictitious Sun does in the quadrant p /; for which reaſon, the 
ſolar noon precedes noon by the Clock, until the real Sun comes 
to FE, and the fictitious to 7; which two points, being equidiſtant 
from the Meridian, both Suns will come to it preciſely at noon by the 
Clock. | | | 

Whilſt the real Sun deſcribes the ſecond quadrant of the Ecliptic 
FGHIKL from S to , he comes later to the Meridian every 


day, than the fictitious Sun e through ** „ = 1 | 
e points at G, H, I, K, an | 


the Equator from F to ; for 
being farther from the Meridian than their correfponding points at 
„ B, r, I, and , they muſt be later of coming to it: and as both 
Suns come at the fame moment to the point , they come to the 
Meridian at the moment of noon by the Clock. 
In departing from Libra, through the third quadrant, the real Sun 


5 going through MNOPY towards W at R, and the fiftitious Sun 


rough mnopg towards r, the former comes to the Meridian every day 


ſooner than the latter, until the real Sun comes to W, and the fictitious 


to , and then they both come to the Meridian at the ſame time. 

Laſtly, as the real Sun moves equably through STU, from 
W towards Y; and the fiftitious Sun through stuvw, from 7 
towards P, the former comes later every day to the Meridian than the 
latter, until they both arrive at the point p, and then they make 
noon at the fame time with the clock. | 


229. The annexed Table ſhews how much the Sun is faſter or ſlower 
than the clock ought to be, ſo far as the difference * e upon the 
obliquity of the Ecliptic; of which the Signs of the 


and in theſe the Sun is faſter than the Clock: the Signs of the ſecond 
and fourth quadrants are at the foot of the Table, and their degrees at 
the right hand; in all which the Sun is flower than the Clock: fo 
that entering the Table with the given Sign of the Sun's place at the 
head of the Table, and the Degree of his place in that Sign at the 
left hand; or with the given Sign at the foot of the Table, and Degree 
at the right hand; in the Angle of meeting is the number of minutes 
and feconds that the Sun is. faſter or ſlower than the clock: or in other 
words, the quantity of time in which the real Sun, when in that 

L parts 


and third qua- 
drants are at the head of the Table, and their Degrees at the left hand; 


12 
a 
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dan 1s Chf 77 | part of the Ecliptic, comes ſooner or PLATE VL 
— . later to the Meridian than the fictitious 


7 kn 34K Sun in the Equator. Thus, when the 


es 


m | £ 
mm ont: Sun's place is 8 Taurus 12 degrees, 
© heis 9 minutes 49 ſeconds faſter than | ; 


* 

=_ 
% 
— 
T 
% 
— 


| 
| 
| 


— 


/ all thoſe from Cancer to Libra will come 

| J later to the Meridian than their cor- 
5| 3| reſponding patches on the Equator; 
*y thoſe from Libra to Capricorn ſooner, 

o | and thoſe from Capricorn to Aries later: 

—| and the patches at the beginnings of 


o jo oſs 24/5 a6} 39] the clock; and when his place is $$ 
13 40 $1. 3 23 | Cancer 18 degrees, he is 6 minutes 2 
311 of8 54 : 14 27 ſeconds ſlower. 2 | 
+1 2919 317? "1 ?2?1 230. This part of the Equation of rig. In. 
z f. 75 e 3 12 time may perhaps be ſomewhat difficult 
7: 1519 2417 211 23] tounderſtand by a Figure, becauſe beth 
, v 56 . 36 Z 51 21 | halves of the Ecliptic ſeem to be on 
R the ſame ſide of the Globe; but it may 
1 3419 4512 be made very eaſy to any perſon who 
15 4 ils 22 g 4 i7 | has a real Globe before him, dy putting 
141+ 2919 5315 27} '*| ſmall patches on every tenth or fifteen 
10 I; * - 7 ; 2 58 degree both of the Equator and Eclip- 
is 2219 5514 31} 23 tic; and then, turning the ball ſlowly 
' . + 52 1 round weſtward, he will ſee all the : 
20 [6 109 503 32} 10 patches from Aries to Cancer come to 
os > 2 I the brazen Meridian ſooner than the : 
14 11 correſponding patches on the Equator; 
7 99 
7 9 
7 405 
8 
s 05 
8 8 


nn 

O 0 © * = mw 0. 
* 
22 


24 


— — 1 —— 
mA T * oo Aries, Cancer, Libra, and Capricorn, 


| vp | Deg. 
" | being alſo on the Equator, ſhew that 
Ly Sower then the — the two Suns meet there, and come to 


"= the Meridian together. 
231. Let us ſuppoſe that there are two little balls moving equably 5 — fo 
— win E 


round a celeſtial Globe by clock-work, one always keeping in the gdereaf che 
Ecliptic, and gilt with gold, to repreſent the real Sun; and the other equal, and the 
keeping in the Equator, and ſilvered, to repreſent the fictitious Sun: lar Time. 
and that whilſt theſe balls move once round the Globe according to 

the order of Signs, the Clock turns the Globe 366 times round it's 

Axis weſtward. The Stars will make 366 diurnal revolutions from 

the braſen Meridian to it again ; and the two balls repreſenting the real 


and fictitious Sun always going farther caſtward from any given oy. 
| wy 
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PLATEVT. will come later than it to the Meridian every following day; and each 


ball will make 365 revolutions to the Meridian; —equally--t0 
it at the beginnings of Aries, gr Libra, an 1 but 
in every other point of the Ecliptic ce git ball will o 4. ſooner 
or later to the Meridian than = filvered like t | 

mentioned. This would be a pretty-enough way 
reaſon why any given Star, which, on a certain, flay of the} yea 
comes to the Meridian with the Sun, paſſes bver it ſo much . ſoon 


_ every following day, as on that day twel 1 to ome to th M 


Fig. III. 


=” 


The ſecond” 
art of the 
Equation of 

Time. 


ridian with the San again; and alſo to rehſon why ere 
Sun comes to the Meridian ſometimes ek ſorngtimes later, tha 
it is noon by the clock; and, on four days. of the year, at the fam 
time; hilf the fictitious Sun always c — to the Metidian whe 
it is twelve at noon by the clock. This would & no difficult ta 
for an artiſt. do perform; for the gold ball might be carried rok 


the Ecliptic by a wire from it's north Pole, als the filvet ball ronn 
the Equator by a wire from it's fouth Pole, with a few Wheels t 
each ; which might be cafily added to my improvement of the celeſti 
Globe; deſcribed in Ne 483 of the Ph:lofpphical Trauſactions; and 
which I ſhall give a deſcription in the 1 pare 0 ie Book, fro 
the 3d Figure of the 3d plate 

232. Tis plain that if the Ectiptic were more liguely obe t 
the Equator, as the dotted: Circle Px:t, the equal diviſions from op 
to „ would come ſtill ſooner to the Meridlan op than i tho 
marked A, B, C, D, and E do: ſor two diviſions containing 30 AN 
from ꝙ to the ſecond dott; à little ſhort of the e 130 
ſooner to the Meridian than one diviſion containing only f 5 degre 
from ꝙp to A does, as the Ecliptic now ftands; and tho of the 
ſecond quadrant from x to g would be fo much later. A thich 


ö would be as the firſt, and the | fourth. as the ſetond. 
Sto 


it is likewiſe plain, that where the Ecliptic is moſt t. oblique, 
about Aries and Libra, the difference would be greateſt ; and leaſt 
about Cancer and as mg where the. en is leaſt, 1.173 


234. Hevin g explained one cauſe of thodiffetence af time nn by 

a eee bed Clock and a true Suh<dial;; and conſidered the Sui, 
not the Earth; as moving in the Ecliptic; we now proceed to explain 
the other cauſe of this difference, namely, the inequality of the Sun 
apparent motion F 205, which is ſloweſt in ſummer, when the / Sun is 


fartheſt from the Earth, and ſwifteſt in winter when he is neareſt to 


it. But the Earth's motion on it's Axis is equable all the year round, 


and 
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and is performed from weſt to eaſt; which is the way that the Sun PLATEVI. 
appears to change his place in the Eclipti ... N FD 

235. If the Sun's motion were equable in the Ecliptic, the whole 
difference between the equal time as ſhewn by aClock; and the unequal- 
time as ſhewn by the Sun, would ariſe from the obliquity of the 
Ecliptic. But the Sun's. motion ſometimes exceeds a degree in 24 
hours, though generally it is leſs: and when his motion is floweſt 
any particular Meridian will revolve ſboner to him than when his 
motion is quickeſt; for it will overtake him in leſs time when he 
advances a leſs fpace than when he moves through a larger. 
236. Now, if there were two Suns moving in the plane of the 
Ecliptic, ſo as to go round it in a year; the one deſcribing an equal 
arc every 24 hours, and the other deſcribing ſometimes a leſs arc in 
24 hours, and at other times a larger; gaining at one time of the 
year what it loſt at the oppoſite; tis evident that either of theſp Suns 
would come ſooner or later to the Meridian than the other as it hap- 
pened to be behind or before the other: and when they were both in 
conjunction they would come to the Meridian at the ſame moment. 
237. As the real Sun moves unequably in the Ecliptic, let us ſup- 
poſe a fictitious Sun to move equably in it. Let ABCD be the Eclip- Fig. IV. 
tic or Orbit in which the real Sun moves, and the dotted Circle acc 
the imaginary Orbit of the fictitious Sun; each going round in a year 
according to the order of letters; or from weſt to eaſt. Let HIKL 
be the Earth turning round it's Axis the fame way every 24 hours; 
and ſuppoſe both Suns to ſtart from A and a, in a riglit line with the 
plane of the Meridian EH, at the fame moment: the real Sun at . 
being then at his greateſt diſtance from the Earth, at which time his 
motion is floweſt; and the fictitious Sun at a, whoſe motion is always 
equable becauſe his diſtance from the Earth is ſuppoſed to be alvrays 
the ſame. In the time that the Meridian revolves from H to H again, 
according to the order of the letters HIKL, the real Sun has moved 
from A to F; and the fictitious with a quicker motion from à to „ 
through a larger arc: therefore, the Meridian EH will revolve ſooner 
from H to h under the real Sun at F, than from H to E under the fic- 
titious 8Sun at /; and conſequently it will be noon by the Sun- dial 
ſooner than by the Clock. A 16 e of 473 brig 
As the real Sun moves from A towards C, the fwiftneſs of his 
motion increaſes all the way to C, where it is at the quickeſt. But 
notwithſtanding this, the fictitious Sun gains ſo much upon the real, 
ſoon after his departing from A, that the increaſing velocity of the real 


Sun does not bring him up with the equally moving fictitious Sun = 
I tac 
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PLATE VI. the former comes to C, and the latter to c, when each has gone half 
round it's reſpective Orbit; and then being in conjunction, the Meridian 
EH revolving to EK comes to both Suns at the ſame time, and there- 
fore it is noon by them both at the ſame moment. : 

But the increaſed velocity of the real Sun, now being at the quickeſt, 
carries him before the fictitious; and therefore, the fame Meridian will 
come to the fictitious Sun ſooner than to the real: for whilſt the ficti- 
tious Sun moves from c to g, the real Sun moves through a greater arc 
from C to G : conſequently the point & has it's fictitious noon when it 
comes to 4, but not it's real noon till it comes to J. And although 
the velocity of the real Sun diminiſhes all the way from C to 4, and 
the fictitious Sun by an equable motion is ſtill coming nearer to the 
real Sun, yet they are not in conjunction till the one comes to A and the 
other to az and then it is noon by them both at the ſame moment. 

And thus it appears, that the real noon by the Sun is always later 
than the fictitious noon by the clock whilſt the Sun goes from C to A. 
fooner whilſt he goes from A to C, and at theſe two points the Sun 
and Clock being equal, it is noon by them both at the ſame moment. 


Apogee, Pe- 238. The point A is called the Sun's Apogee, becauſe when he is 
22 and there he is at his greateſt diſtance from the Earth; the point C his 
* Perigee, becauſe when in it he is at his leaſt diſtance from the Earth: 
Fig. IV. and a right line, as AEC, drawn through the Earth's center, from 
one of theſe points to the other, is called the /ine of the Apfides. 

239. The diftance that the Sun has gone in any time from his 

Apogee (not the diſtance he has to go to it though ever ſo little) is 
Mean Ano- called bis mean Anomaly, and is reckoned in Signs and Degrees, 
maly, what. allowing 30 Degrees to a Sign. Thus, when the Sun has gone ſup- 
ſe 174 degrees from his Apogee at A. he is ſaid to be 5 Signs 24 

12 from it, which is his mean Anomaly: and when he is gone 

ſuppoſe 355 degrees from his Apoges, he is ſaid to be 11 Signs 25 

Degrees from it, although he be but 5 Degrees ſhort of A in com- 
ing round to it again. 5 

240. From what was ſaid above it appears, that when the Sun's 

Anomaly is leſs than 6 Signs, that is, when he is any where between 

A and C, in the half ABC of his Orbit, the true noon precedes the 

fictitious; but when his Anomaly is more than 6 Signs, that is, when 

he is any where between C and A, in the half CDA of his Orbit, 

the fictitious noon precedes the true. When his Anomaly is o Signs © 
Degrees, that is, when he is in his Apogee at 4; or 6 Signs © 

Degrees, which is when he is in his Perigee at C; he comes to the 

| Meridian 
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Meridian at the moment that the fictitious Sun does, - and then it is. 


: 
: 


_ noon by 5 them both at. the ſame inſtant. 301 l: I Ss Leer 

241. The annexed Table ſhews the Variation, gr Equation of time 
depending on the Sun's Anomaly, and ariſing from his unequal motion 
in the Ecliptic; as the former Table $:.229. ſhews the Variation 


depending on the Sun's place, and reſulting from the obliquity of the 


Ecliptic :. this is to be underſtood the ſame way as the other, namely, 
that when the Signs, are at the head of the Table, | the, Degrees are at 


the left hand; but ee 1775 Her 
ehen the Signs are d: . Sun faſter than the Click eee be | 
the foot of the Table [TAE . Ir | 
i OOF 11 bo Signs 01> PiA Dffs 13/5 Pig 91915 $9051 
the reſpective De- 1 D. — 5 rr n 1 — |, 
— £ 129 of 3 3 / 41 / LIS I H r 
pore Are at the right rr Tn nmr ot) 
and; and in both | o| » * 66.39 3 454% 36335035 
n 551437 ©4516 43] 3 5o[? 
caſes. the Equation | 2| 0s 16 3 02] 6:47 Þ 78 5 61 39 3 43/28 
in the Angle of meet- 31 244 gen 71761 2 3513 35 270 
TES , — 
ing. When both the | „ 32 226 33 GA A6 20 3 2025 
bov E 5 40] 4+: <2 7.9 -5 
above-mentioned. E- | „. 42. 4942929 4 10. 87 8 T0 of 
14 ei 14410 Ty x C © 1 2 e ti 
Alte ee i 1 34 0 45 15 8 iv nf Ih 1112 8 72 of Time, — 
faſter or oer mer o bei ad ei tl Fons 2 0 apppending on 
ſum is the abſolute E- 1 1 19]. 4 5407 17 487 7575 the Sun's A- 
ad Time: bat, Hir 27] 5 of 7 177 38] 5 $01'2 35] 19] nomaly, 
quation of Time; hut 124 1 35 > 36% 20] 34 © 39% FP 2 2718 4 
WARN 000 MIRA, 146 804607 2370340290 
and the other ſlower, 141 52] 5, 15]-7 2562345402 11416 
@, 0 ve . diff 210; 15 * 58 5 24 . 4 102 7 34 2 3115 
ut 18 their duterence. 1 2% 65 %%% 20 2. 0% % 281 8/74 
Thus, ſuppoſe the E- 1 2 15 1 ET „e E 15 153 12 
the Sun's place, be 6 1 20] 2 365 5217 30 7 2015 4 1 22110 
At s 212 43-5. 57] 7 38] 7 218] 4 SST 
minutes 41 ſeconds abi 3 S e Jeb 
too flow, and the E- zg 560 77 % 1.12] 4% / 
* depending on |24| 3 ©6 27 7 $89.7 BRA L30KO. 30 : 
a 2 13 - I 43 Þ - . 
e Sun's Anomaly, be 12813 20 C 21 7 1 430170 24 25100 334 
4 minutes 20 ſeconds 42713 27 5 26] 7 44 6 58 4 18. o 264 3 
too ſlow, their Sun is 29 : ; - i An e Gd 71-21 
11 minutes 1 ſecond 13013 48 6 39 7666857 12,040 
too ſlow. But if the |-|——| eee ee 
. 11 Signs | © 16 | 9 7 . 
one had been 6 mie 
nutes 41 ſeconds too San flower than the Quct if bix;Anamaly be. 
faſt, and the other 4. — — — — 
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242. The obliquity of the Ecliptic to the Equator, which is the firſt 
mentioned cauſe of the Equation of Time, would make the Sun and 
Clocks agree on four days of the year; which are, when the Sun en- 
ters Aries, Cancer, Libra, and Capricorn: but the other caufe, now 
explained, would make the Sun and Clocks equal only twice in a 
year; that is, when the Sun is in his Apogee and Perigee. Con- 
fequently, when theſe two. points fall in the ging of Cancer and 
Capricorn, or of Aries and Libra, they concur in making the Sun and 
Clocks equal in theſe. points, But the Apogee at preſent is in the gth 
degree of Cancer, and the Perigee in the gth Fn 1 of Capricorn ; 
and therefore the Sun and Clocks cannot be equal about the beginning 
of theſe Signs, nor at any time of the year, except when the ſwift- 
neſs or ſlownefs of Equation reſulting from one cauſe juſt balances the 
ſlowneſs or ſwiftneſs ariſing from the other. 1 

243. The laſt Table but one, at the end of this Chapter, ſhews 
the Sun's place in the Ecliptic at the noon of every day by the clock, 
for the ſecond year after leap- year; and alſo the Sun's Anomaly to 
the neareſt degree; neglecting the odd minutes of a degree. Their 
uſe is only to aſſiſt in ſhewing the method of making a general Equa- 
tion Table from the two fore- mentioned Tables of Þ vation depend- 
ing on the Sun's Place and Anomaly! $ 229, 241; concerning which 
method we ſhall give a few examples preſently. The following Tables 
are ſuch ' as' might be made from theſe two; and ſhew the abſolute 
Equation of Time reſulting from the combination of both' it's cauſes ; 
in which the minutes, 48 well as degrees, both of the Sun's Place 
and Anomaly are 7 The uſe of theſe Tables is already ex- 
plained, $225; and they ſerve for every day in leap-year, and the 
firſt, fecond, and third years after: For on moſt of the fame days 
of all theſe years the Equation differs, becauſe of the odd'fix hours 
more than the 365 days of which the year confiſts. , ' 

g 14 9 48 ; 110 5 
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Jy 


Examples for  Bxamers I. On the 15th of April the Sun is in the 25th degree 

141 of Y Aries, and his Anomaly is 9 Signs 15 Degrees; the Equation 

reſulting from the former is 7 minutes 23 ſeconds of tithe too faſt 

327 and from the latter, 7 minutes 25 ſeconds too flow, § 241; 

e difference. is 4 ſeconds. that the Sun is too flow at the noon of 

hat day; taking it in greſs for the degrees of the Sun's Place and 

Anomaly,” without. making proportionable- allowance for the odd mi- 

nutes. Hence, at noon the ſwiftnefs of the one Equation balancing fo 

nearly the ſlowneſs of 'the other, makes the Sun and Clocks equal on 
% TE TT nent 


EXAMPLE 
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ExAMPLE JI. On the 16th of June, the Sun is in the 25th 
degree of I Gemini, and his Anomaly is 11 Signs 16 Degrees; the 
— — ariſing, from the former is 1 minute 48. ſeconds too faſt; 
and from the latter 1 minute 50 ſeconds too flow ; which balancing 
one another at noon to 2 — the Sun and Clocks are again equal 


on that day. 
ExamPLE III. On the 3 iſt of Augwft the Sun's oem is 7 degrees 
52 minutes of My Virgo (Which we = call the 8th degree, as it is 


ſo near) and his Ancenaly. is 2 Signs o Degrees; the Equation ariſing 
from the former is 6 minutes 41 1 too ſlow; and from the latter 
6 minutes 39 ſeconds too faſt; the difference being only 2 ſeconds 
too flow at noon, and decreaſing towards an equality wall n the 
Sun and Clocks A in the afternoon of that day. es 


| EXAMPLE IV. On the 23d Fe place £2 

41 minutes (call it 2 degrees) of N Capricorn, and his Anomaly 

is 5 Signs 23 Degrees; the Equation for the former is 43 ſeconds 

too {low, and for the latter 5B ſeconds tog faſt; the difference is 

15 ſeconds too faſt at,.noon;., which deerealing, will come to an 

an dey and ſo make the Pug. and Gooks: en 4 in 9 ans of 
t da. W 


+] And thus we find, that o on ſome part of — of the Pn Me OR 
5 four days, the Sun and Clocks are equal; hut if we work ure 
for all other days of the year we ſhall find them different. And, 8 
244. On thoſe days which are equidiſtant from any Equinox 8 Remark. 
Solſtice, we do not find that the Equation is as much too faſt or too 
ſlow, on the one fide, as it is too flow or too faſt on the other. 
The reaſon is, that the line of the Apfides 5 238, does not, at pre- 
ſent, fall either into the Equinoctial or Solſticial Prints 3 243- Nr 


245. If the line of the Apſides, together with the Ei quingtial ag The reaſon 
Solſticial points, were immoveable, a general Equation | Table might % — | 
be made from the preceding Equation Tables, which would always but tempo- 
keep true, becauſe theſe Tables themfelyes are permanent. But, with rar). 
reſpect to the fixed Stars, the line of the Apſides moves forwards 12 
ſeconds of a degree every year, and the above points 50 ſeconds 
backward. So that if in any given year, the Equinoctial points, and 
line of the Apſides were coincident, in 100 2 afterward they 


would be ſeparated 1 degree 43 minutes 20 ſeconds; and conſe- 


P 2 quently 


1 8 
| 0 
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quently in 5225.8 years they would be ſeparated 90 degrees, and 
could not meet again, ſo that the ſame Equinoctial "point ſhould fall 
again into the Apogee in leſs than 20, 903 years : and this is the ſhorteſt 
Period in a uation of Time can be reſtored to the ſame 
ſtate again, with 2 to the ſame ſeaſons of the year. 


0 H 40 F. XIV. 
0 7 the Prad on of the Epe. 


248. F 155 been trendy ved $ I 56, that by the Earth s motion 
on it's Axis, there is more matter accumulated on? round the 
equatoreal parts than any where elſe on the Earth. 

The Sun and Moon, by attracting this redundancy of es bring 
the Equator ſooner under them in every return towards it than if there 
was no ſuch accumulation. Therefore, if the Sun ſets out, as from 
any Star, or other fixed point in the Heavens, the. moment he is de- 

from the Equinoctial or either Tropic, he will come to the ſame 
again before he cm pleats his annual courſe, 0 as to arrive at the ſame 
fixed Star or Point from whence he ſet our. 

When the Sun arrives at the ſame * — or Solſtitial pont, 
he finiſhes what we call the Tropical Year; which, by long obſerva- 
tion, is found to contain 365 days 5 hours 48 minutes 57 ſeconds : 
and when he/atrives at ' the ſame fixed Star again, as ſeen from the 
Earth; hie compleats the 2 Tear; which is found to contain 365 
days 6 hours 9 mirnites 143 ſeconds: : The Sidieal Year is therefore 
20 minutes 177. ſeconds longer than the Solar or Tropical year, and 
9 minutes 145 ſeconds longer than the Julian or Civil year, which we 
fate at 365 days 6 hours: ſo that the Civil year i is almoſt a mean 
betwixt the Sidereal and Tropical. 

247. As the Sun deſcribes * whole Ecliptic, or 360 Rae in 
a Tropical year, be moves $5 8“ of a degree every day; and conſe- 
=, 50“ of a degree in 20 minutes 174 ſeconds of time: there- 

ore, he will arrive at the ſame Equinox or Solſtice when he is 50“ of a 
degree ſhort of 'the ſame Star or fixed point in the Heavens from which 
he ſet out in the year before. 80 that, with reſpect to the fixed Stars, 


©. The: ewo » hae points in which hs Ecliptic Gad the Equinoctial, are called 
the Equinettial Points : and the two points where the Ecliptic touches the Tropics 
Prins, are likewiſe oppolite, and go degrees from the for mer) 3 are called the Sol a 
nts, 


& the 


Of the Preceſſion of the Equinoxes. 
the Sun and Equi-. PLATE VI. 


ris: 


109 


4A TanLE ſhewing the Preceſſion of the Eguinoctial OM: rates” oth 
Points in the Heavens, both in Motion and Time; b _ ip R 
and the Anticipation of the Equinoxes on Earth. | De (08 it, were) 
— 2 —| 30 degrees in 2160 
Preceſſion of the Equinoctial Points in Anticivation of the Vears; which will 
f the Heavens. mee * 
Julian - . — — | Equinoxes on the make the Stars ap- 
years. Motion. Time. . _ | pear to have gone 
S. * % [Days H. M. S. || D. H. M. 8.]30 deg. forward, 
1] © = „ 20 172 „ 3 —_ n 
„ 0/40 E006 0007 0 TN we rrup- 
330 o 2 30[ © r o 521[[ o o 33 oltic in that time: 
| rn 0 1 21 10 oO 0 44 12 21 
. 
% S -:5 len n 45 o 1 6 18 fame points of the 
710 © co] 0, 2 724 RG 8-9 — 4 . 
8 8 40] 2 42 20 0: $a: ag Ecliptic, without 
939% © 7 30] © 3 2 37#|| © 1 39 27 regard to the con- 
1000 8 20] © 3 22 55 o 1 50 30 fſtellations 
20 o 16 40 0 v6; 45 50 9 746 5 To penn this Fig. IV. 
30% ©::25; aeg $145 o 5 31 zolby a Fi | 
[ES 0 194-680 31 40 [„ 7 22 0. 8 e, let 
500% o 41 400 O 16 54 35 o 9 12 zone dun e in con- 
500 O o 50 of o 20 '37 30 o 11 3 junction with a fix- 
70 o 58 20 o 23 40 25 . © 12 53 30 ed Star at &, ſuppoſe 
01.0 of” 3 3 20 o 14 44 ol the zoth de- 
e 26 15 © 16 34 30 | | 
— ©,;. 1. $3 20]. 1 - 0: #9 EEO EE I6 2 Bree of S, oP the 
2001.0 :..3 40 _40] 2 10 38 20 . ane 2 of 100 
— ; | 3 175 . en, ma — 
F ⁰ an | | 
%% , 5 33 20% 5,157.10 4 1-3 © 40%4 ng 2160 revolu- 
500 o 56 40 7 1 5 50 if 3 20 $5 | o [8s through the 
600] O 20 © 10 55 © 4 14 30 O Ecliptic VIWX 
. RT KIA e 
800 O i? 10 11 - 33 20 - 3 20 of ny Sidereal years, 
goo| © 12 29 127 16 5 36 $2 44 7:29 
1000], o 13 53 2014 2 11 40 . he will be found 
2000 © 27 46 40 28 4 23 205 8 20 ol again at S but at 
3000 1 11 40 of 42 6 35 o 23 o 30 oſthe end of ſo ma- 
4000 I 25 33 20 56 8 46 40 30 16 40 ofmny Julian years, he 
ns 3 26 40 S 58 20 35 : 59 oſ will be found at M, 
6000] 2 23 20 © 13 10 O ||. 46. 89 ©. 
7000 | 3 7 I3 20 9 15 21 40 53 17 10 o ſhort of . and at 
8000 3 21 6 40112 17 33 20 61 9 20 ol the end of ſo ma- 
| goooſ 4 5 o 0126 19 45 o es * 40 of WF Trop ical * 
15000 4 18 53 20140 21 56 40 [ 76 17 40 ohe will be found 
on FR Fi e e e ues lg x ing 
59 365 a, zoth deg. of Tau- 
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rus at T, which has receded back from S to T in that time, by the 
Preceſſion of the Equinoctial points P Aries and Libra The Arc 
ST will be equal to the amount of the Preceſſion of the Equinox in 
2160 years, at the rate of 50” of a degree, or 20 min. 17 + ſec. of 
time, annually : this, in ſo many years, makes 3o days, 10+ hours; 
which is the difference between 2160 Sidereal and Tropical years : 
And the Arc MT will be equal to the ſpace moved through by the Sun 
in 2160 times 11 min. 3 ſec. or 16 days, 13 hours 48 minutes, which 
is the difference between 2160 Julian and Tropical years. 
248. From the ſhifting of the Equinoctial points, and with them all 
| the Signs of the Ecliptic, it follows that thoſe Stars which in the in- 
A fancy of aſtronomy were in Aries are now got into Taurus; thoſe of 
Taurus into Gemini, &c. Hence likewiſe it is, that the Stars which roſe or 
ſet at any particular ſeaſon of the year, in the time of Hes10D, Eupoxus, 
VIROIIL, PLINny, &c. by no means anſwer at this time to their deſcrip- 
tions. The preceding table ſhews the quantity of this ſhifting both in 
the heavens and on the earth, for any number of years to 25,920 ; 
which compleats the grand celeſtial periad : within which any number 
and its quantity is eaſily found; as in the following example, for 5763 
years; which at the Autumnal Equinox, A. D. 1750, is thought to be 
the age of the world. So that with regard to the fixed Stars, The Equi- 


r —— He ta —— 
UN Preceſſion of the Equinodial Point 1 
10 "> 5 30 Jilin | in the Heavens. 12 
vian — — : - — | | | 8 
fince the creation; bears] Motion. | Time, ] on the Earth. 


n at 


 whichis as much as To. 


the Sun moves in — | me 
40]70 10 58 2038 8 50 


[D. H. M. s] [D. H. M. 8. 


1 a 50004 2 9 26 o 
81 55 on $2". And zoo] © 9 43 20] 9 20: 44 1} 5 B* 5 „ o 
ſince that time, or 60 O „ 50 of o 20 17 300 o 11 3 o 
RR 14 2Y.T2717..7..® 52% © 33 9 


Equinoxes with us | 576;| 20 
have fallen back | * 5 
44 Fh 21” 9; hence, reckoning from the time of the Julian E- 
quinox, A. D. 1756, viz. Sept. 12th, it appears that the Autumnal 


2 


3081 5 © 5a] 44 5 21 9 


Equinox at the creation was on the 26th. of October. 


The antici- 249. The anticipation of the Equinoxes, and conſequently of the 
pation of the ſeaſons, is by no means owing to the Preceſſion of the Equinoctial 
and Seaſons, and Solſticial points in the Heavens, (which can only affect the apparent 
motions, places and declinations of the fixed Stars) but to the differ- 
ence between the Civil and Solar year, which is 11 minutes 3 ſe- 
t 3 cands ; 
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conds; the Civil year containing 365 days 6 hours, and the Solar PLATE VI. 


ear 365 days 5 hours 48 minutes 57 ſeconds. The following table 
Rewe the length, and conſequently the difference of any number of Si- 
dereal, Civil, and Solar years from 1 to 10,000. 


2 50. The above 11 minutes 3 ſeconds, by which the Civil or Julian The reaſon 


year exceeds the Solar, amounts to 11 days in 1433 years: and fo much 
our ſeaſons have fallen back with reſpect to the days of the months, 
ſince the time of the Nicene Council in A. D. 325, and therefore in or- 
der to bring back all the Faſts and Feſtivals to the days then ſettled, it 
was requiſite to ſuppreſs 11 nominal days. And that the ſame ſeaſons 
might be kept to the ſame times of the year for the future, to leave 
out the Biſſextile day in February at the end of every century of years 
not diviſible by 4; reckoning them only common years, as the 17th, 
18th and 19th centuries, v/z. the years 1700, 1800, 1900, Cc. be- 
cauſe a day intercalated every fourth year was too much, and retaining 
the Biſſextile-day at the end of thoſe Centuries of years which are 
diviſible by 4, as the 16th, 2oth and 24th Centuries ; v2. the years 
1600, 2000, 2400, &c. Otherwiſe, in length of time the ſeaſons 


would have been quite reverſed with regard to the months of the years; 


thongh it would have required near 23,783 years to have brought 
about ſuch a total change. If the Earth 2 made exactly 3651 di- 
urnal rotations on its axis, vrhilſt it revolved from any Equinoctial or 
Solſtitial point to the ſame again, the Civil and Solar years would al- 
ways have kept pace together; and the ſtyle would never have needed 
any alteration. "OY | ; 


25 1. Having already mentioned the cauſe of the Preceſſion of the The Preceſ⸗ 


Equinoctial points in the heavens, & 246, which occaſions a ſlow de- 
viation of the earth's axis from its paralleliſm, and thereby a change 
of the declination of the Stars from the Equator, together with a flow 
apparent motion of the Stars forward with reſpect to the Signs of 
the Ecliptic ; we ſhall now deſcribe the Phenomena by a Diagram. 
Let NZ be the Earth, SONA its Axis produced to the ſtarry 
Heavens, and terminating in 4, the preſent north Pole of the Hea- 
vens, which is vertical to N the north Pole of the Earth. Let EO 
be the Equator, T $ the Tropic of Cancer, and YTW the Tropic 
of Capricorn: YVOZ the Ecliptic, and BO its Axis, both which are 
immoveable among the Stars. But, as * the Equinoctial points re- 


* The Equinoctial Circle interſects the Ecliptic in two oppoſite points, called 
Aries and Libra, from the Signs which always keep in theſe points : They are called 
the Equinoctial Points, becauſe when the Sun is in either of them, he is directly over 


the terreſtrial Equator ; and then the days and nights are equal. 
: I cede 
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cede in the Ecliptic, the Earth's Axis SON is in motion upon the 
Earth's center O, in ſuch a manner as to deſcribe the double Cone 
Non and SOs, round the Axis of the Ecliptic BO, in the time that 
the EquinoCtial points move quite round the Ecliptic, which is 25,920 
years; and in that length of time, the north Pole of the Earth's Axis 
produced; deſcribes the Circle ABCDA in the ſtarry Heayens, round 
the Pole of the Ecliptic, which keeps immoveable in the center of that 
Circle. The Earth's Axis being 23 + degrees inclined to the Axis of 
the Ecliptic, the Circle A BCD 4, deſcribed by the north Pole of 
the Earth's Axis produced to A, is 47 degrees in diameter, or 
double the inclination of the Earth's Axis. In conſequence of this, 
the point A, which at preſent is the North Pole of the Heavens, and 
near to a Star of the ſecond magnitude in the tail of the conſtellation 
called the Little Bear, muſt be deſerted by the Earth's, Axis; which 
moving backwards a degree every 72 years, will be directed towards 
the Star or Point B in 6480 years hence : and in double of that time, 
or 12,960 years, it will be directed towards the Star or Point C; 
which will then be the North Pole of the Heavens, although it is at 
preſent 8+ degrees ſouth of the Zenith of London L. The preſent po- 
ſition of the Equator E O 2, will then be changed into eQg, the Tro- 
pic of Cancer 78 Z into Vt S, and the Tropic of Capricorn YT W 
into T M; as is evident by the Figure. And the Sun, in the ſame part of 
the Heavens where he is now over the earthly Tropic of Capricorn, and 
makes the ſhorteſt days and longeſt nights in the Northern Hemiſphere, 
will then be over the earthly Tropic of Cancer, and make the days longeſt, 
and nights ſhorteſt. So that it will require 12,960 years yet more, or 
25,920 from the preſent time, to bring the North Pole M quite. round, 
ſo as to be directed toward that point of the Heavens which is vertical 
to it at preſent. And then, and not till then, the ſame Stars which at 
preſent deſcribe the Equator, Tropics, polar Circles, and Poles, by the 

Earth's diurnal motion, will deſcribe them over again. 5700 
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4 TABLE ſhewing the Time contained in any number of Sidereal, 
Julian, and Solar Years, from 1 to 10000. | 


Sidereal Years. Julian Years. Solar Years. > $4 
Years | Days H. MIS. Days H. Days H. M. 8... 2x2 | 
1 |Contain 365] 6| 9 142] Contain 365 6 [Contain 365] 5143] 57 
2 730] 12| 18 | 29 730] 12 370] 11 | 37 | 54 1 
3 ' rogg] 18 | 27 | 43+ 1095] 18 1095] 17 [26511 | 
4 1461] o| 36 | 58 1461} © 1450 23 | 15 | 48 — — 
5 1826] 6] 46 | 124 1926 6 1826] 5] 4 | 45 4 
6 2191] 12 | 55 | 27 2191] 12 2191] 10 53] 42 F | 
7 255619 5 | 41H] - 2556] 18 If 2556] 16 4239 | 
| 8 2922] 113 | 56 2922140 2921223136 | 
9 3287 7 | 23 | 10 3287] 6 * 3287] 4] 201] 33 
10 3652] 13 | 32 | 25 3652] 12 3652] 10 9301 
20 7305 24135 79981 730440 
30 109571637 [15 1095712 10957] 62830 
40 14610] 6 9] 40 14610]. © 19. 16] 38] © 
50 1826219 42 5 18262] 12 | 18262] 2473 
60 219151 9 | 14] 30 21915 © 21914] 12} 571.0 
70] 25567] 22-[46 | 55 25567] 12 25566] 23 | 6] 30 
80 ' 29220] 12 | 19 | 20 25220] © 29219 916] of 
| 99 32873] 15145 32872] 12 32871] 19] 25 30 
100 36525] 15 | 24 | 10] 3865280 365244 5135] 1 
200 730511 64820 73050 7304811 10 ö 
— — — — —ů— 1 ——.— 
| | | 
300 109576] 22 | 12 | 30 10 109872] 16 [45] © þF 
400 | * 13 | 36 * 14868 148805 22 204 
500 182628] 5 050 182625 182621] 3] 55]; ] 
600 219153] 20 | 25 219150 219145] 9 30 
700 255679] 11 | 49 | 10 25760 2556 15] 5) 3 
6 | — — — ere 
800 2922051 3 | 13 | 20 292 200 2921931201014 
goo - 328730] 18 | 37 | 30 328725 328718] 2115] | 
1000 365256] 10 | 21 40 365250 365242] 71.50 | 
2000 730512] 20 3| 20 730500 739484] 15 | 49 
zooo | 1095769 6| 5 1095750] || 1995726] 23 3% 
4000 1461025] 16 | 6 | 40 1461000 460909 7200 | 
| 5000 1826282] 2] 8 20 | 1826250 'j} - 1826211] 15 | 1O | | 
60001 2191538] 12 | 10 2191500 ' 2191453 - 40 J 
ooo] © 2556794] 22 | 11 | 40 2556750 2556696 50 
80co 2922051] 8 | 13 | 20 2922000 2921938] 14] 40 A 


| | — An. | — —1 
gooo 3287037] 18 | 15 | 3287250 3287180] 22 | 30 
10000 - 36525644 4 | 16 | 40 3652500 3652423] 6] 20 
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A TAB LE y 7 Sun's 3 Place, = Diſtance from bis apogee 


for the ſecond Year after Leap-) year. 


i 4 | 
Þ 34 _ 46:65 t ; 5 
January February . March . May June 
7 Sun's Sun's Sun's Sun's Aas Sut's Sun's | Sun's Sun's funds. Sun's | Sun's 
Place. | Ahom. f Place. | Anom. | Place. | Anom. | Place. | Anom. |. Place. | Anom. | Place. Anom. | 
D. M. s. D. p. M. Is, D. D. M. Ss. D. [D. M. s. D. D. M.|S. D. D. M.|S. D. 
1e zo 3053S ofiivgo[g 1108 57io 10146 1 
212 86 3113 40% 7 4þ11 5308 11 3019 2111 55%j 1 44/11 2 
3113 916 4104 4117 &[12 53/8 213 38] 9 312 53/0 22 4A 3 
44 10] 6 43 4217 5113 5318 314 37] 9 43 5/6 3013 381 4} 
5115 116 16 437 74 5318 41s 3609 514 49/0 4[14 35 1 
6116 126 7% 4317 6115 18 5116 359 615 4710 iz 4933/41 bf 
717 14] 6 8118 7 91165 : 1.8 1 9 7116 45 0 : 16 3011 7] 
8118 15166 9 . ihr 31s 7418 339 8117 %% 77 a8 8 
19 1606 1020 457 11418 8 B[ig 329 9118 4ijio 818 231 
9 40] 7 5 5 3 9 4 5 9] 
1020 176 Ee 467 12119 53] 8 9420 309 * 19 39110 9119 22h61 10 
11121 1886 12]22 47] 7 13120 520 8 1021 299 11020 37% 10020 2011 11 
12422 19 5 13433 717 1421 528 1122 286 9 12[21. 34/10 11121 91 12] 
13123 216 4124 4s 7 162 5218 1223 26| 9 13122 320/10 12[22 141 13 
14424 22 5 015 817 16]23 52/8 1324 25| 9 14/23 30/0 13/23 111 14] 
15125 23 4 16126 : 49þ 7 17124 51 8 1425 249 1524 28/0 14124 811 15 
1626 24] 6 ' 17]37. i149] 7 18]25 51, 8 16/026 229 16025 26/00 t5]25 6/1 16 
17127 25| 6 18448.. 7 19126 51] 8 16]27 £1, 9 17126 23110 16]26 361 17 
18]28 26] 6 19129 % 7 20127 50 8 17128 19] 9g 27 21110 1727 oli 18 
19129 27] 6. 20 X 511 7 2128 500 8 1829 1809 19]28 190 1827 58j11 18 
2015 286 21% 5117 22129 — 8 19 8 169 2029 16 10 1928 551 19 
21] 1 29 6 2 : + % 231 49] 8 10 1 15 21 150/10 2029 52/11 20 
22] 2 30 6 23 3 Ih 7 24 1-48] 8. 21]. 2.. 13 3 22 1 11110 21195 41 2 
2313 3116 24 4 227 25 2 478 22] 3 11] 9 23] 2 9 22 1 461 22 
24] 4 32] 6 235 527 26} 3 47]8 23] 4 10] 9 243 610 23 2 44/11 23] 
2565 33]6 26 527 27} 4 468 24] 5 8B 9g 25} 4 410 24] 3 41 24 
— — — n eln n | — — ——— — — — — — — . — 
26] 6 34] 6 27 2 538} 7 | 28] 5 4513 25 6 69 26] 5 2j10 z5| 4 3811 25 
27] 7 35| 6 3 3 7 | 294-6. 68 .26] 7. 4/9 27] 5 32ſ%½% 26] 5 35|11 2 
28] 8 3/6 299 3 - of} 7 4418 274] 8 39 28] 6 56½0 27] 6 32[11 27 
291 9 37]7 ©[' TH 8 4318 28] 9g 19 29] 7 54j10 28] 7 30h 28 
135% 387 1]! || 9 428 29] 9 59|9 29] 8 5½ 29 8 2711. 29 
31111 39% 2 10 4119 o | 9 4811 0 | 
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A: TABLE ſhewing the Sun's true Place, and Diſtance 
for the ſecond Year. after Leap-year, 
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July Auguſt September October November 
Of Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | Sun's | 5 
| Place. |Anom. | Place. | Anom. | Place. | Anom. | Place. | Anom. | Place. [ Anom, |; Place.” ] Aiicin.” 
5. N. Is. P. PB. M.|s. P. B. M. IS. P. B. M:\s. B. N — — 5. 
1 982440 of 895g] 1 of 8mgr|2 18 io z 1] gm of 4 2921665 1 
20 2100 19 57 19 492 29 93 210 j of 4 3% 19 3, 2 
31 18] ©: 210 5441 20 72 3% 83 3111 4 4/1 15 8 8 
4112 150 311 521 3 452 41 83 4112 114 415 115 4 
5113 130 412 49001 42 4372 512 713 5113 1] 4 13 3225 5 
— || | — — . — — . — , 
6114 100 513 47} 1 513 422 G13 663 6164 4 7 5 64 
7115 710 64 41 64 400 2 7014 013 3 4/1 2 + 
8116 440 7 19 7115 39] 3 8 53 817 2| 4 5 
917 io 3816 30 1 86 37] 2 96 43 917 7 | 8— 8 
1017 590 817 371 91/7 352 107 43 108 314 | 5 IC 
11118 5610 9118 351 1018 34) 2 116 33 411119 + 34 4-432} 7 
12119 530 1019 321 11119 3242 12119 31 3 1220 414 5 124 
1320 50 o 11020 301 12/20 31] 2 43120 23 13 21 414 5 134 
14421 4% o 12[21 28] 1 13121 :29þ 2 1421 23 14422 514 5 14 
15122 45] 13122 25] 1 14]22 28} 2 15]22 213 15[23 514 15 15 
— —_— 1 — —— — — 1— 
1623 42/0 14/23 2344. 15123 // 2 16]23 13 16124 64 17124: 33C6 1 
17124 39] © 1524 21} 1 1624 25} 2 17124 13 7 74 18]25 34/5 17% 
18128 36] o 16]25 19] 1 17]25 242 1842 1] 3 18126 714 1926 350 5 18 
19126 34] o 1726 17] 1 1826 23] 2 192 o| 3 1927 Bf 4: 20127 36] 5 19 
l-o[27 310 1827 14] 1 19/2) 21] 2 aoſz7 of 3 20028 94 21128 38] 5 20 
21128 28] o 19128 1241 N 20] 2 2128 o 3 21129 914 22129 3915 21 
2229 26] © 2029 1oþ 1 210/29 19 2 2229 3 22} + 104 23 5 22 
231% 230 ziim 81 22 18] 2 23]m 3 23] 1 14 244 1 41] 5-2 
24] 1 20% 22} 1 61 23] 1 17] 2 24] 1 of 3 24] 2 12] 4: 353 2 42] 5 24 
25| 2 18] © 23] 2 41 24] 2 161 2 -25] 2 3 z5] 3 12] 4 264 3 44{ 5:2 
26 3 15% 24] 3 2 25:3 1542 26] 3 0 3. 26] 4 13]4-27] 4 4545 26 
27]-4 1200 254 of 1 26] 4 14/2 27] 4 3 27 5 14] +: 1 + 45] 5. 27] 
28] 5 10] © 26] 4 58} 1 27] 132 28] 5 of 3 28 1514 29 47] 5 28 
29], 6 7% 27] 5 56] 1: 28] 6 12] 2 2g} 6 3 29 7 164 29] 7 48 $142 
3667 50 28] 6 54]1 29] 7.1113 of 7 of 4 of 8 17] 5 of & 4916, ofs 
o . 3 16 1 
118 29 29] 7 522 © aj 4 1 9 $1 * 
IC | — — — a | og — — ä — — 
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A TABLE of the Equation of natural Days, ſhewing what Time' it ought to 
be by the Clock when the Sun is on the Meridian. 


The Biſſextile, or Leap- year. 


Dif.| March Dif.| April [Dif 'May [Die] June [Dif 
s. H. M. 8. S. ſq. M. s. 


Ine | Dec. | Inc. 
8 11 57 22 
3 30] 18 in 37 3 9 
3 41 11 57 400 ? 
: 18 11 37 col 0 
: 53] 18 58 TY in 
35 1 5 O 
— ——ü—ä—àã — 18 jJ——— 
2 11 58 110 1 
2 11 58 22 
: n= 14 
I 11 = | 
6 152 — 1 
+704 e þ ig 
1 
11 59 200 12 


1 59 32 
1 59 12 
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11 59 57] * 
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12 0 10 
12 © + 
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is, 3 
12 3 51 13 
10 1 12 
_— 8 26 
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3 7 
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of the Equation of natural Days, ſhewing what Time it ought to” 
be by the Clock when the Sun is on the Meridian. 


— — — — 


The firſt after Leap- year. 
1 "March biff Ap | Dif, biff June | Dif. 
FT 4 | nn etna — tos = 6 I 
[HE | Hl. M. 8. 8. ff. M. 8.8 8. H. M. 8. 8. 
al > be ne 
iſa 1 1 12 39 Des., Dee. 1218 Ine, 
2 ; 12 260 2 1 57 27] ? 
12 | ms 37 '3 [12 | 7 7 86 P 
12 5 ia 12 o Bl, 2 5 6 611 57 49 701 
[2 Fa u 46 iz 2 49} ju 57 56 
r | | py CY EET. Ba; 
h a 92] | is en 
Ihe i 0 e 21 58 17017 
ls 10 46 12 258 400 
Nei 1e 3 '© [12 | Iu 58 52l 1? 
Dee [et +16 |= 2 — 12 
"8 j:FO 1 ; [12 1139 4 
2% 5 57) %% 2 % 59 2 12 
4 & "82; | 
Sl 3 7 5g bs 39 33055 
+ |————| 18 — ͤ rñ—ͤ— 11 — TY 13, 
„üs 8 48] of hi ua 0 
8 |12 3 5 HT a b 0 19] 13 
6 12 8 12 4 11 y 2 12 © 32 + 
„ 17 7 x 1 1 58 57 2 12 0 45 - 
„ 18 8 7 312 o 8680 13 
11 g - bes 
7 —ů . 10 1 —ů 1 
"£03 :7'7 "16 11 r 
8 12 5 vol 2 11 1112 1 243 
212 6 40 12 11 112 1 3712 
9 Is 70 "$1 * 11 8 12 1 50 4 
102 6 20911 | ws 
AF y ak. Aer 13 
4 13 14] 2 5 43 19 ls $7 $4 62 2 6] 
13 0 4 4 f. 57 24 7 [2 4 442 
« 51 12 +4 : 46 19 11 * ? [12 2 52 12 
| | + WS; 3-4. 8 * 38 37 8 „ 
—— — — I; | | 11 
D 1 1 
Incr. o' 33“ Decr. 8'. 29// Decr.G'55/) Deer. o 53“ Incr, 5 46” 
1 53 a Incr. 1 12 
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| The firſt after Leap- year. 
-% bir] Auge Dit. September [Dit.| | Odtober'. Dit Nerve 
1s —— 
J*[H.. M. 8s. H. Ms 2 n. M. 8.1/8. f. M. 8. 
ö | [nc 
11 1 15 * 11 59 3 P with 434% is 
2% 3/27] fr. 11 59 1 11. 43 409 the 
1A 3 11 52 [112243514 *| 
141? 3 49 po 11 58 41 1711 454 
512 3 69 11 58 21 et £4361 52þ 
— 10 | | 
0 e 
712 4 197 11 57 41 
8112 4 29 * 11 571 21 
9112 4.3865 1 571 11 30 
18% 2 41 7400 11 56˙ 41 7 
. tr 567 ab, bak: 
p 2 1 . SY 
12 5 2 * 11 56 of 21 75 of 's 2425 
N ene 115380 39 | 2 540 52 29 
1 5' 17) 60 1 55 | 1 
14 5 WY 11 $44 57] | ; 1. 55 285 
q —_ 1 6 ——— | i 1 
12 32 297 1 1 54 wag fr "145 5 37 1 % 45 ne. 7 29345 
9-37 34 oi 11 54 101 f 45 25] 11 „ 45 423F th 52 9 
12 8 39 45 11 53 54021 11 45 7 14 11 4.10 45 3681 Jt 194 2 
12 5 43] '4 ; Ms 43215 $30 830524 (30: 45 5 3] ab Juni #3 +50 ak 10 2 4935 
12 5 47 PH tr ii eis 0 T2155 eee, — 158 497 
- =þ 4 © T4 j— 21 {4 40 15 * 
12 5 57 | 5 11752 5102 11 44 43]=% $1 : 46 495% 11 958 149 
12 5 154 .1 1 11 52 31 p34 v1 44 "3 3 $7 14.46 35 1 bi 559 09g 
21+" 5 56 11 52 1121 111 44 2 7 7 46 52 1 59 49 
12 32 FL 6 11 51 30 21 15 44 19 1 11¹ 047 1015 ta ©2029 11 
12 5 pee 51 29 | [115744 13 * 11 47 29% , f o % 
— Dec. 220 6 — 19 | 30 
12 5 59 11 51 ict h 14 7 „ 4 180 =," 12 2 19 % 
12 1 38 1 ö : II 50 40 79 1 FM «5 11 1 | 48 "18 ay 1 { 49 0. | 
2 5 57 2 16 7 5 3 f 43 3 4% 4% 2 % %% 440 
12 5 5504 11 50 21 19 11 43 +55] © 1 45 71 23 4 2208 
1 AE 1 At +] 
12 5 51 4 11 13 50 11 | T5 12 3145 © |; 
1 | EI ; f + 30 
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be by the Clock vrhen the Sun is on the Meridian. 


The ſecond after Leap- year. 
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„ 12 8 1 N 
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912 4 35 1 . : 11 II aF 
. 4 4 |? 454, 9% 4509 
eee —— 
nik 4 5 12 as TIT 11 en 1 
1212 5 i - 12 4 35 3 f 56 3 a 
1312 5 1 4 2 ihne * 
14412 5 5 12 4 14 * 11 55 3s ” 
1 3 6 14 
— — — - | 21 
6 i 25 — | | wo 8 — — „ 4 * 
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21112 ' 12 2 46 k B 6 
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23012 2 lb 2 26 1h52 16) 7 
2412 p SK. 18 11 51 55 (+ 
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— — — — — — 2 
26112 12 2 
ee eee e oe 
28 3 +67 * ia 8 55 18 11 534 4 
29112 5 50 : 12 0 37 18 13 50 I 9 
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317 5 1 z 11 ro | 18 i = | 
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A TABLE of the 928 of natural Days, 
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A TABLE of the Equation of natural Days, ſhewing what Time it ought to 
| be by the Clock when the Sun is on the Meridian. 
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| of the — Phaſes. 


CHAP. XV. 


The Moon's farface evountaincus. +. Her Phaſes deſcribed : 
Her path, and the paths of Fupiter's Moons delineated : 
The proportions of the Diameters of their Orbits, and 
thoſe of Saturn's Moons, to each other ; and to the Dia- 
meter of the Sun. 


PL, VII, 252. B Y looking at the Moon with an . e we per- 

ä ceive that her ſurface is diverſified with long tracts of prodi- 

gious high mountains and deep cavities. Some of her mountains, by 

| comparing their height with her diameter (which is 2186 miles) are 

d found to be three times higher than the higheſt hills on our Earth. 
The Moon's This ruggedneſs of the Moon's ſurface is of great uſe to us; 

 furface moun- reflecting the Sun's light to all ſides: for if the Moon were eo 

6 poliſhed like a looking-glaſs, or covered with water, ſhe could 

| never diſtribute the Sun's light all round; only in ſome poſitions ſhe 


ae £2 wolle ſhew, us his image, no bigger than a point, but with ſuch a 


—_— || luſtre as would be: hurtful to our eyes. 
- Why no hills 25g. The Moon's ſurface being ſo uneven, many have wondered 


| He on her « why her edge appears not jagged, as well as the curye bounding the 


ese. | light and dark places. But if we conſider, that what we call the edg 

1 85 the Moan's- Diſc is not a fingle line ſet round with mountains, in 
| which caſe: it would appear irregularly indented, but a large Zone 
aving many mountains lying behind one another from the obſervers 
* we ſhall find that the mountains in ſome rows will be oppoſite to 
e vales in others; and ſo fill up the inequalities as to make her appear 
quite round: juſt as when one looks at an orange, although it's rough- 
| neſs be very diſcernible on the ſide next the eye, eſpecially if the dun 
or a Candle ſhines obliquely on that fide, yet the Line terminating the 

viſible part ſtill appears ſmooth and even. 
The Moon 254. As the Sun can only enlighten that half of the Earth which 
rk wi- is at any moment turned towards him, and being withdrawn from 
the oppoſite half leaves it in darkneſs; ſo he likewiſe doth to the 
Y Moon : only with this difference, that the Earth being ſurrounded by 
* — n Atmoſphere, and the Moon having none, we have twilight after the 
Fig. I. Sun ſets; but the Lunar Inhabitants we an immediate tranſition from 
the brighteſt Sun-ſhine to the blackeſt darkneſs.F 177. For, let T 
I be 


Of the Moon's Phaſes. 


be the Earth, and A,B,C,D,E,F,G,H the Moon in eight different parts | 


of her Orbit. As the Earth turns round its Axis, from weſt to eaſt, 
when any place comes to t the twilight begins there, and when it 
revolves from thence tor the Sun & riſes ; when the place comes to s the 
Sun ſets, and when it comes to w the twilight ends. But as the Moon 
turns round her Axis, which is only once a month, the moment that 
any point of her ſurface comes to r (ſee the Moon at G) the Sun riſes 
there without any previous warning by twilight; and when the ſame 
paint comes to s the Sun ſets, and that point goes into darkneſs as 


black as at midnight. 
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255. The Moon being an opaque ſpherical body, (for her hills The Mcon's 


take off no more from her roundneſs than the inequalities on the ſur- 
face of an orange takes off from its roundneſs) we can only - ſee that 
part of the enlightened half of her which is towards the Earth. And 


therefore, when the Moon is at A, in conjunction with the Sun 8, her 


dark half is towards the Earth, and ſhe diſappears as at a, there being no 
light on that half to render it viſible. When ſhe comes to her firſt 
Octant at B, or has gone an eighth part of her Orbit from her Con- 
junction, a quarter of her 9 tened ſide is towards the Earth, and 
the appears horned as at 6. When ſhe has gone a quarter of her Orbit 
from between the Earth and Sun to C, ſhe ſhews us one half of her 
enlightened fide as at c, and we ſay, ſhe is a quarter old. At D ſhe is 


8 
in her ſecond Octant, and by ſhewing us more of her enlightened ſide 


ſhe appears gibbous as at d. At E her whole enlightened. ſide is towards 
the Earth, and therefore ſhe appears round as at e, when we ſay, It 
is Full Moon. In her third Octant at F, part of her dark ſide being 
towards the Earth, ſhe again _— gibbous. and is on the decreaſe, 
as at /. At G we ſee juſt one half of her enlightened fide, and ſhe 
appears half decreaſed, or in her third Quarter, as at g. At H we 
only ſee a quarter of her enlightened fide, being in her fourth Octant, 
where ſhe appears horned as at B. And at A, having compleated her 


courſe from the Sun to the Sun again, ſhe diſappears; and we ſay, it 


is New Moon. Thus in going from A to E the Moon ſeems con- 
tinually to increaſe; and in going from E to A, to decreaſe in the 
fame proportion; having like Phaſes at equal diſtances from A or E, 


when ſhe is Full in The Moon's 
Diſc not al- 


but as ſeen from the Sun &, ſhe is always Full. 
256. The Moon appears not perfectly round 


haſes. 


the higheſt or loweſt part of her Orbit, becauſe we. have not a direct ,,,, quite 


view of her enlightened ſide at that time. 
part of her Orbit, a ſmall deficiency appears on her lower edge; and 


the contrary when Full in the loweſt part of her Orbit. <> 
| 257. 8 


When Full in the higheſt round when 
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The Phaſes #55, Tis plain by the Figure, that when the Moon changes to the 
of the Earth Earth; the Earth appears Full to the Moon; and vice verd. For 
contrary. when the Moon is at A, New to the Earth, the whole enlightened 
ſide of the Earth is towards the Moon: and when the Moon is at E, 
Full to the Earth, it's dark fide is towards her. Hence a New Moor: 
anſwers to a Full Earth, and a Full Moon to a New Earth, The 
Drarters are allo reverſed to each other. 
An agrecable 2 58, Between the third Quarter and Change, the Moon is fre- 
Phenomenon. quentiy viſible in the forenoon, even when the Sun ſhines; and then 
1e aftords us an opportunity of ſeeing a very agreeable appearance, 
wherever we find a globular ſtone above the level of the eye, as ſup- 
poſe on the top of a gate. For, if the Sun ſhines on the ſtone, and 
we place ourſelves ſo as the upper part of the ſtone may juft ſeem 
to touch the point of the Moon's lowermoſt horn, we ſhall then ſee 
the enlightened part of the ſtone exactly of the ſame ſhape with the 
. Moon ; horned as ſhe is, and inclining the fame way to the Horizon. 
The reaſon is plain ; for the Sun enlightens the ſtone the ſame way as 
he does the Moon: and both being Globes, when we put ourſelves 
into the above ſituation, the Moon and ſtone have the {ame poſition 
to our eyes; and therefore we muſt ſee as much of the illuminated 
part of the one as of the other. 
The nonage- 259. The . of the Moon's Cuſps, or a right line touching 
una Degree, the points of het horns, is very differently inclined to the Horizon at 
* different hours of the ſame days of her age. Sometimes ſhe ſtands, as 
it were, upright on her lower horn, and then ſuch a line is perpendi- 
cular to the Horizon: when this happens, ſhe is in what the Aſtrono- 
mers call e] Nonagefimal Degree; which is the higheſt point of the 
Ecliptic above the Horizon at that time, and is go degrees from both 
fides of the Horizon where it is then cut by the Ecliptic. But this 
never happens when the Moon is on the Meridian, except when ſhe 
is at the very beginning of Cancer or Capricorn. 
How che in- 260. The inclination of that part of the Ecliptic to the Horizon in 
. of -which the Moon is at any time when horned, =- be known by the 
may be found Poſition of her horns ; for a right line touching their points is perpen- 
by the poſi- dicular to the Ecliptic. And as the Angle that the Moon's Orbit 
— te makes with the Ecliptic can never raiſe her above, nor depreſs her 
horns. below the Ecliptic, more than two minutes of a degree, as ſeen from 
the Sun; it can have no ſenſible effect upon the poſition of her horns. 
Therefore, if a Quadrant be held up, fo as one of it's edges may ſeem 
dio touch the Moon's horns, the graduated fide being kept towards 
the eye, and as far from the eye as it can be conveniently held, the 
arc 
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arc between the Plumb- line and that edge of the Quadrant which PL. VI. 
ſeems to touch the Moon's horns will ſhew the inclination of that | 
part of the Ecliptic to the Horizon, And the arc between the other 
edge of the Quadrant and Plumb-line will ſhew the inclination of the 
. Moon's horns to the Horizon at that time alſo. 1 + + | OO. 
261. The Moon generally appears as large as the Sun; far the Fig. I. 
Angle vA, under which the Moon is ſeen from the Earth, is the Why the 
ſame with the Angle LM, under which the Sun is ſeen from it. e 
And therefore the Moon may hide the Sun's whole Diſe from us, as Sun. 
ſhe ſometimes does in ſolar Eclipſes. The reaſon why ſhe does 
not eclipſe the Sun at every Change ſhall be explained afterwards. 
If the Moon were farther from the Earth as at a, ſhe could never 
hide the whole of the Sun from us ; for then ſhe would appear under 
the Angle NO, eclipſing only that part of the Sun which lies between 
N and O: were ſhe ſtill further from the Earth, as at X, ſhe would 
appear under the ſmall Angle 7, like a ſpot on the Sun, hiding 
only the part 7 from our ſight. | | 
262. The Moon turns round her Axis in the time that ſhe goes A proof of 
round her Orbit; which is evident from hence, that a ſpectator at 4 4 
reſt, without the periphery of the Moon's Orbit, would ſee all her her 2 
fides turned regularly towards him in that time. She turns round 
her Axis from any Star to the ſame Star again in 27 days 8 hours; 
from the Sun to the Sun again in 29+ days: the former is the length 
of her ſidereal day, and the latter the length of her folar day. A 
body moving round the Sun would have a ſolar day in every revolu- 
tion, without turning on it's Axis ; the ſame as if it had kept all the 
while at reſt, and the Sun moved round it: but without turning round 
it's Axis it could never have one ſidereal day, becauſe it would always 
keep the fame fide towards any given Star. 2 
263. If the Earth had no annual motion, the Moon would go Her periodi- 
round it ſo as to compleat a Lunation, a fidereal, and a ſolar day, 22 
all in the ſame time. But, becauſe the Earth goes forward in tion. 
it's Orbit while the Moon goes round the Earth in her Orbit, the 
Moon muſt go as much more than round her Orbit from Change 
to Change in compleating a ſolar day as the Earth has gone forward 


in it's Orbit during that time, i. e. almoſt a twelfth part of a 
Circle. 1949] 


264. The Moon's periodical and ſynodical revolution may be fami- Familiarly 
liarly repreſented by the motions of the hour and minute hands of a repreſented. 
watch round it's dial-plate, which is divided into 12 equal parts or | 


I hours, 


- 
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x pap peat hours; as the Ecliptic is divided into 12 Signs; and the year into 12 
Alt the hour months. Let us ſuppoſe j— | 
and minute theſe 12 hours to be 12 


hands of a months, the hour hand the 


Ba; EO GT EL gone. 
7 £ 


2 Sun, and the minute hand 2 1 — wo 32 43 38.5 
the Moon; then will the! 3 III 16 21 49 5 27+ 
former go round once in a 4 IIII 21 49 5 27 1 

year and the latter once in | 3 V 27 16 21 49 5 

a month; bat the Moon. 6 VI 32 43 38 10 64 

or minute hand muſt 80 7 VII 38 10 54 32 43 — 

more than round from any | 8 VIII 43 38 10 54 32 67 


point of the Circle where 9 IN 4 5 27 16 2 

it was laſt conjoined with | 10 X 54 32 43 38 102 

the Sun, or hour hand, to I} An one o o 0 

overtake it again: for the — — 

hour hand being in motion, can never be overtaken by the minute 

hand at that point from which they ſtarted at their laſt conjunction. 

The firſt column of the annexed Table ſhews the number of conjunc- 

tions which the hour and minute hand make whilſt the hour hand 

goes once round the dial-plate ; and the other, columns ſhew the times 

when the two hands meet at every conjunction. Thus, ſuppoſe the 

two hands to be in conjunction at XII, as they always are; then, at 

the firſt following conjunction it is 5 minutes 27 ſeconds. 16 thirds 

21 fourths 49+ fifths paſt I where they meet; at the ſecond con- 

junction it is 10 minutes 54 ſeconds 32 thirds 43 fourths 38-. fifths 

paſt II; and ſo on. This, though an eafy illuſtration of the motions 

of the Sun and Moon, is not preciſe as to the times of their conjunc- 

tions; becauſe, while the Sun goes round the Ecliptic, the Moon 

makes 12 conjunctions with him; but the minute hand of a watch 

or clock makes only 11 conjunctions with the hour hand in one period 

round the dial-plate. But if, inſtead of the common wheel-work 

at the back of the dial-plate, the Axis of the minute hand had a 

inion of 6 leaves turning a wheel of 40, and this laſt turning the 

your hand, in every revolution it makes round the dial-plate the minute 

hand would make 125 conjunctions with it; and ſo would be a pretty 

device for ſhewing the motions of the Sun and Moon; eſpecially, as 

the ſloweſt moving hand might have a little Sun fixed on it's point, 

A machinefor and the quickeſt a little Moon. Beſides, the plate, inſtead of hare 
ſhewing tie and quarters, might have a Circle of months, with the 12 Signs and 
Sun and their Degrees; and if a plate of 29 equal parts for the days of the 
Moon, : Moon's age were fixed to the Axis of the Sun-hand, and below it, fo 
( | 1 
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as the Sun always kept at the . day of that plate, the Moon-hand PL, Vit. -* 
would ſhew the Moon's age upon that plate for 8 pointed out | - 

by the Sun-hand in the Circle of months; and both Sun and Moon 

would ſhew their places in the Ecliptic: for the Sun would go round 

the Ecliptic in 365 Days; and the Moon in 27+ days, Which is her 
periodical revolution; but from the Sun to the Sun again, or from 

Change to Change, in 294 days, which is her ſynodical revolution. 

265. If the Earth had no annual motion, the Moon's motion round The Moon's 
the Earth, and her track in abſolute ſpace, would be always the gun do 
ſame *. But as the Earth and Moon move round the Sun, the Moon's For 
real path in the Heavens is very different from her path round” the 
Earth: the latter being in r Circle, and the former in a 
curve of different degrees of concavity, which would always be the 
ſame in the ſame parts of the Heavens, if the Moon performed a com- 
pleat number of Lunations in a year. 110. . 

266. Let a nail in the end of the axle of a chariot- wheel repreſent an idea of the 
the Earth, and a pin in the nave the Moon; if 2 of the Eath's path 
chariot. be propped up ſo as to keep that wheel from touching the _— 
ground, and the wheel be then turned round by hand, the ws will 
deſcribe a Circle both round the nail and in the ſpace it moves through. 

But if the - props be taken away, the horſes put to, and 'the/chariot* © 
driven over a piece of ground which is circularly convex; the nail in 
the axle will deſcribe: a circular curve, arid the = in the nave? will ſtill 
deſcribe a circle round the progreſſive nail in the axle, but not in the 
ſpace through which it moves. In this caſe, the curve deſcribed by the 

nail will reſemble in miniature as much of the Earth's annual path round 

the Sun, as it deſcribes whilſt the Moon goes as often round the Earth 

as the pin does round the nail: and the curve deſcribed by the nait will 
have ſome reſemblance of the Moon's path during ſo many Lunations. 

Let us now ſuppoſe that the Radius of the circular curve defcribed - 
by the nail in the axle is to the Radius of the Circle which the pin in 
the nave deſcribes: round the axle as 337 ito r; which isi the pro- 
portion of the Radius or Semidiameter of the Earth's Orbit to that of the 
Moon's; or of the circular curve A 1 2 3 45 ö &. to the little pig. 17, 
Circle 4; and then, whilſt the progreſſive nail deſeribes the ſaid curve 
from A to E, the pin will go once round the nail with regard to the 
center of it's path, and in doing ſo, will deſcribe the curve abede. The 

* Tn this diſcourſe, we may conſider the Orbit; of all the Satellites as circular, with: 
reſpec to their primary Planets ; becauſg.the excentricities of their Orbits are too ſmall” 
to affect the Phenomena here deſcribed.” .- 1 fu 4 0 | | 


8 | former 
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The Moon's: Path delineated. 


PL. vn. | former. will be a trug repraſantation of the; Earth's path for one Luna- 


tion, and the latter of tha Monis for that time. Here we may ſet 
aſide the inequalities. of the Moons Moon, and alſo the Earth's movin 
round it's: common. center of gravity and the Moon's : all which, if 
they, were truly copied in this experiment, would: not ſenſibly alter the 
figure of the-paths deſcribed bythe nail and pin, even though they: ſhould 
rub againſt a plain upright ſurface all the way, and leaye their tracks viſi- 
ble. And if the chariot ſhould be driven forward on ſuch a convex 
piece of ground, ſo. as. to turn the wheel ſeveral times round, the track 
of the pin in the nave would: ſtill be concave toward the center of the 
circular, curve deſcribed: by the pin in the Axle; as the Moon's path is 
always, concave to the Sun in the center of the Earth's. annual Orbit. 

In this Diagram, the thickeſt. curve line ABCD, withthe numeral figures 
ſet to: it, repreſents; as much of the Earth's: annual: Orbit as it deſcribes 
in 32 days from weſt: to eaſt; the little Circles at a, ö, c, di e ſhewẽ the 
Moon's Orbit in due proportion to the Earth's; andi the ſmalleſt curve 
aladgſ repreſents. the line: of the Moon's path in the Heavens for 32 
days, accounted: from any particular Ne Moon at 2. The machine, 
Fig. 5th. is for delineating the Moon's path, and will be deſcribed, 
with the reſt of my. Aſtronomical machinery, in the laſt Chapter. The 
Sun is, ſuppoſed: to be in the center af the curve A 1 2 3:4 5 67 


n & c. and the ſmall dotted Circles upon it repreſent the Mpon's Orbit, of 


Orbit to the 
Earth's. 


Fig. II. 


which the Radius is in the ſame proportion to the Earth s. path in this 
ſeheme, that the Radius of the Moon's: Orbit in the Heavens bears 
to the Radius of the Earth's annual path, round the Sun; that is, as 
240, ooo to 84,000,000, or as 1 to 337+. 

When the Earth is at 4 the New Moon is at 2; and in the ſeven. 
days that the Barth .deſcribes the curve 1 2 345 6.7, the Moon in 
accompanying, the Earth deſcribes the curve ab; and is in her firſt 
Quarter at Jwrhen the Earth is at B. As the Earth deſcribes the 
curve: B 8 ꝙ 10 11 12 13 14 the Moon deſcribes the curve bc; and 
pimp to the Sun at c, when the Earth is at C. Whilſt the Earth 

ribes. the curve C 15 16 17 18 19 20 21 2a the Moon deſcribes 
the curve ad; and is in her third Quarter at d when the Earth is at D. 
Once more, whilſtthe Earth deſeribes the curve D 23 2425 2627 28 29 
the Moon deſoribes the curve ge; and is _ in conjunction at e with 


the Sun when the Earth is at E, between the 29th and 3oth day of the 


Moon's age, accounted by the numeral Figures from the New Moon at 
A. In deſeribing the curve abcde,. the Moon goes round the progreſſive 
Earth as really as if ſhe had kept in the dotted Circle A, and the Earth 
continued immoveable in the center of that Circle. 
2 And 
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And thus we ſee, that although the Moon goes round the Earth in The Moon's 
a Circte, with reſpect to the Earth's center, | Her reul path in the motion al 
Heavens is not very different in appeitlince from tiie Batth's Path. tovards the 
To ſhety that the Moon's path is concave to the Sun, even at the tire Sun. 
of 33 ge, it is carried on a little Farther into a ſecbnd Lunation, 
as * 0 f f | ; i F a 1 i : 2 44 

267. The Moon's àbfofute motion "froth. her Change to her firſt 
Quarter, or from à to 3, is fo much flower than the Eatth's, that the 
falls 240 thouſmd mites {chil to the Semidlameter of her Orbit) 
behind the Earth at her firft Quarter 3, when the Earth is in B; 
that is, the falls back a fpace Equal to her diftance from the Earth. 
From that time her motion is gradually accelerated to her Oppoſitioh 
or Full at r, and then ſhe is come up as far as the Earth, having How hes mo- 
regained what the loſt in her firſt Quartet from 2 to 5. From the man alter. | 
Full to the laft Quarter at 4 her motion continues accelerated, fo as ed and acce- 
to be juſt as far before the Earth at D, as ſhe was behind it at her lerated. 
firſt Quarter in 3. But, from 4 to e her motion is retarded fo, that 
me loſs as much with reſpect to the Earth ts is equal to her Uiftatice 
from it, or to the Semidiameter of her Orbit z and by that means ſhe 
comes to e, and is then in conunction with the Sum as feen from the 
Earth at E. Hence we find, that the Modn's abfolute motion is flower 
than the Earth's from her third Quarter to her firſt; and fwifter thah 
the Earth's ftorn her firſt Quarter to her third: her path being lets 
curved than the Earth's in the former caſe, Wd wore in the Hatter. 
Yet it is til bent the fame way towards the Sun; for if we imagine 
the concavity of the Earth's Orbit to be meaſured by the length of a 
8 line Cg, let down from the Earth's place upon the 

raight line 42d at the Full of the Moon, and connecting the places 
of the Earth at the end of the Moon's firſt and third Quarters, 

that length will be about 640 thouſand miles; and the Moon when 
New only approaching nearer to the Sun by 240 thouſahd miles 
than the Earth is, the length of the perpendiculat let down from 
her place at that time upon the ſame ſtraight line, and which ſhews 
the concavity of that part of her path, will be about 400 thouſand 
mules. | 9 ip | 


268. The Moon's path being concave to the Sun throughout, de- A difficulty 
monſtrates that her gravity towards the Sun, at her conjunction, ex- removed. 
ceeds her F towards the Earth. And if we conſider that the 
quantity of matter in the Sun is almoſt 230 thoufand times as great 
as the quantity of matte in the Earth, and that the — 

| . | 0 
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her (and that it is always mu | le) : 
...; danger of the Moon's, leaving the Earth; for if ſhe ſhould fall towards the 


of; it's e 
the drop next the 


The. reaſon why..the Moon does not 


of each body diminiſhes as the ſquare of the diſtance from it increaſes, 
we ſhall ſoon find, that the point of equal, attraction where theſe two 
6 240 N would be equally ſtrong, is about 70 thouſand miles nearer the 


arth than the Moon is at her Change. It may now appear ſuppriſing 
that the Moon does not abandon the Earth when ſhe is between it and 
the Sun, becauſe ſhe is conſiderably more attracted by the Sun than by 
the Earth at that time. But this difficulty vaniſhes When we conſider, 


that the Moon is ſo near the Earth in proportion to the Earth's diſtance 


from the Sun, that ſhe is but very little more attracted by the Sun at that 
time than the Earth is; and whilſt the Earth's attraction is greater upo 

the Moon than the difference of the Sun's attraction upon the Earth and 
greater is demonſtrable) there is no 


Sun, thé Earth would follow her almoſt with equal ſpeed. The abſolute 


attraction of the Earth upon a drop of falling rain is much greater than 
the abſolute attraction of the particles of that drop upon — 5 other, or 
all parts of it's circumference; but then the ſide of 
Earth is attracted with ſo very little more force than 
it's center, or even it's oppoſite 17 J that the attraction of the center of 
the drop upon it's fide next the Earth is much greater than the difference 
of force by which the Earth attracts it's nearer ſurface and center: on 
which account the drop preſerves it's round figure, and might be pro- 
jected about the Earth =3 a ſtrong circulating wind fo as to be kept 
from falling to the Earth, It is much the. ſame with the Earth and 
Moon in reſpect to the Sun; for if we ſhould ſuppoſe the Moon's 
Orbit to be filled with a fluid Globe, of which all the parts would 
be attracted towards the Earth in it's center, but the whole of it 
much more attracted by the Sun; one part of it could not fall to the 
Sun without the other, and a ſufficient projectile force would carry the 
whole fluid Globe round the Sun. A ſhip, at the diſtance of the 
Moon, failing round the Earth on the ſurface of the fluid Globe, could 
no more be taken away by the Sun when it is on the fide next him, 
than the Earth could be taken away from it when it is on the oppoſite 


. fide; which could never happen unleſs the Earth's projectile motion 


were ſtopt; and if it were ſtopt, the Ship with the whole fluid Globe, 
Earth and all together, would as naturally fall to the Sun as a drop 
of rain in calm air falls to the Earth. Hence we may ſee, that the 
Earth is in no more danger of being left by the Moon at the Change 
than the Moon is of being left by the Earth at the Full: the diameter of 
the Moon's Orbit being fo ſmall in compariſon of the Sun's diſtance, 
that the Moon is but little more or leſs attracted than the Earth at any 
| I time. 
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time. And as the Moon's prqjectile force, keeps her from falling to the PI. VII., 


# 


Earth, ſo the Earth's projectile force keeps it from falling to the Sun. 


269. All the curves which Jupiter's Satellites deſcribe, are different 
from the path deſcribed by our Moon, although. theſe Satellites go 
round Jupiter, as the Moon goes round the Earth, Let ABC DE &c. Fig. 11, 
be as much of Jupiter's Orbit as he deſcribes in 18 days from A to T7 
and the curves 4, b, c, d will be the paths of his four Moons going 
round him in his progreſſive motion. wum relagra 5, 4 
Now let us. N all theſe Moons to ſet out from a conjunction The abſolute 
with the Sun, as ſeen from Jupiter. When Jupiter at A his firſt 0 ath 3 2 
or neareſt Moon will be at a, his ſecond at &, his third at c, and his fourth 3 
at d. At the end of 24 terreſtrial hours after this conjunction, Jupiter lineated. 
has moved to B, his firſt Moon or Satellite has deſcribed the curve - 
a1, his ſecond the curve 41, his third c1, and his fourth 41. The 
next day when Jupiter is at C, his firſt Satellite has deſcribed the curve 42 
from its conjunction, his ſecond the curve 42, his third the curye 7z2,. 
and his fourth the curve dz, and ſo on. The numeral Figures un- 
der the capital letters ſhew Jupiter's place in his path every day for 
18 days, accounted from A to T; and the like i ures ſet to the 
paths of his Satellites, ſnew where they are at the like times. The 
firſt Satellite, almoſt under C, is ſtationary at ＋ as ſeen from the 
Sun; and retrograde from A to 2: at 2 it appears ſtationary again, and 
thence it moves forward until it has paſt. 3,. being twice ſtationary, 
and once retrograde between 3 and 4. The if of this Satellite 
interſects itſelf every 4.27 hours of our time, making Tubbs a in. 
the Diagram at 2. 3. 5. 7. 9. 10. 12. 14. 16. 18, a little after every 
Conjunction. The ſecond Satellite 54, moving ſlower, barely croſſes it's. 
path every 3 days 13 hours; as at 4.7.11. 14. 18, making only five 
loops and as many conjunctions in the time that the firſt makes ten. 
The third Satellite c moving till flower, and having deſcribed the 
curve c 1. 2. 3. 4. 5. 6.7, comes to an Angle at 7 in conjunction with 
the Sun at the end of 7 days 4 hours; and ſo goes on to deſcribe p. III 
ſuch another curve 7. 8. 9. 10. 11. 12. 13. 14, and is at 14 in it's next ; 
conjunction. The fourth Satellite 4 is always progreſſive, making 
neither loops nor angles in the Heavens; but comes to it's next con- 
junction at e between the numeral figures 16 and 17, or in 16 days 
18 hours. In order to have a tolerably good figure of the paths of 
theſe Satellites, I took the following method. © 
. Having drawn their Orbits on a Card, in proportion to their relative 
diſtances from Jupiter, I meaſured the radius of the Orbit * as . 
13 | fie 5 ourth. 


ö 
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PL. VII. fourth Satellite, which was an inch and a tenth part; then multiplied 
this by 424 for the radius of Jupiter's Orbit, becauſe Jupiter is 424 
times as far from the Sun's center as his fourth Satellite is from his cen- 
How to de- ter; and the product thence ws was 466-4 inches. Then taking 
oe a ſmall cord of this length, and fixing one end of it to the floor of 
ter's Moons, 4 long room by a nail, with a black lead pencil at the other end I 
drew the curve ABCD &c. and ſet off a degree and an half thereon, 
from A to T; becauſe Jupiter moves only ſo much, whilft his outer- 
moſt Satellite goes once round him, and ſomewhat more; fo that this 
ſmall portion of fo large a circle differs but very little from a ftraight 
line. This done, I divided the ſpace AT into 18 equal parts, as 
AB, BC, &c. for the daily progreſs of Jupiter; and each part into 
24 for his hourly progreſs. The Orbit of each Satellite was alſo di- 
vided into as many equal parts as the Satellite is hours in finiſhing it's 
ſynodical period round Jupiter. Then drawing a right line through 
he center of the Card, as a diameter to all the 4 Orbits upon it, I 
put the card upon the line of Jupiter's motion, and transferred it to 
every horary diviſion thereon, keeping always the ſaid diameter-line on 
the line of Jupiter's path ; and runaing a pin through each horary di- 
viſion in the Orbit 05 each Satellite as the card was gradually transferred 
along the Line ABCD &c. of Jupiter's motion, 1 marked points for 
wary hour through the Card for the Curves deſcribed by the Satellites 
as the primary planet in the center of the Card was carried forward 
on the line: and fo finiſhed the Figure, by drawing the lines of 
each Satellite's motion, through thoſe (almoſt innumerable) points : 
by which means, this is perhaps as true a Figure of the paths of theſe 
And Saturn's. Satellites as can be defired. And in the ſame manner might thoſe for 
Saturn's Satellites be delineated. 
The grand 270. It appears by the ſcheme, that the three firſt Satellites come 
3 almoſt into the ſame line or poſition every ſeventh day; the firſt be- 
F ing only a little behind with the ſecond, and the ſecond behind with the 
third. But the period of the fourth Satellite is ſo incommenſurate to 
the periods of the other three, that it cannot be gueſſed at by the dia- 
ram when it would fall again into a line of conjunction with them, 
tween Jupiter and the Sun. And no wonder; for ſuppoſing them 
all to have been once in conjunction, it will require 3,087, o43, 493, 260 
5 years to bring them in a conjuction again: See F 73. 
Fig. IV. 271, In Fig. 4th we have the proportions of the Orbits of Saturn's 
The propor- . Dt” | | 
tions of the five Satellites, and of Jupiter's four, to one another, to our Moon's 
— of the Orbit, and to the Diſc of the Sun. & is the Sun; Mm the Moon's 
Satellites, Orbit (the Earth ſuppoſed to be at E;) J Jupiter; 1, 2. 3. 4 the 5 
| its 
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bits of his four Moons or Satellites; Sat Saturn; and 1. 2. 3. 4. 5 the 


Orbits of his five Moons. Hence it appears, that the Sun would much 


more than fill the whole Orbit of the Moon; for the Sun's diameter is 
763,000 miles, and the diameter of the Moon's.Orbit only 480,000. In 
proportion to all theſe Orbits of the Satellites, the Radius of Saturn's: 
annual Orbit would be 24 yards, oft Jupiter Orbit 143 and of the 
Earth's. 25 taking them in round nuraber 
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annexed table — of the Propertigt of 7 proportion of the Ve. 
ſhews at once Radius of thePlanet's Time of the Planet's [locity of each Satel- 


I; 
| 


Orbit to the Radius, Revolution to the flite to the, Velocity |. 


Aldurg 
I 


what ropor - 0 '® of the Orbit of each; Revolution of each Jof* its NN Pla- 
tion the Or- [ - | [Satellite Sarllits; | Ih 

bits, Revolu- — — | hk 3 
tions, and Ve- 1 As: 5382 to 1 * 5738. decent Ji 
locities; of all 2 4155 F 3912 15! 392 455 
the Satellites F 3 2954 1 2347 i 2347 29544 
bear to thoſe 5 40 1295 10 674 1 674 1299 
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of their pri- |” 5 
mary Planets, 
and what fort S 7 
of curves the |=" 2 
ſeveral Satel- . 3 


1465 1. 1219 1. 12 1165 
73D 1: 604. I|, 604 731] 


des deſcribe; A 4þ 434: . 258 1], 258 440 


—_ 


For; thoſe Sa- . „ | 
ls ies | Mow As 3377 1 11As 125 to As 127 fo 337 
velocities round 

their primaries are greater than the velocities of their primaries in open 
ſpace, make loops at their conjunctions: & 2693; appearing retrograde 
as ſeen from the Sun whilft' they deſcribe the! inferior parts of tireir 
Orbits, and direct whilſt they deſcribe: the ſuperior. This is the caſe 


with Jupiter's firſt and ſecond Satellites, and with Saturn's' firſt; But 


thoſe Satellites whoſe velocities are leſs than the velocities of their pri 
mary planets move direct in their whole circumvolutions; which-is 
the caſe of the third and fourth Satellites of Jupiter, and of the ſe- 
cond, third, fourth, and fifth Satellites of Saturn, as well as of our Sa- 
tellite the Moon: But the Moon is the only Satellite whoſe mo- 
tion is always concave to the Sun. There is a table of this ſort in 
De la Cailè s Aſtronomy, but it is very different from the above, which 


IJ have computed from our Engliſb accounts of the periods and diſtances 


of theſe 1 and Satellites. 
CHAP. 


As 1851 tol As 2445 to 1]As 2445 tal851 , 


I35. 


| CHA P. XVI. 11 N. 
The Phenomena of the Harveſi-Moon explained by a com- 
anon Globe: The' years in which the Harveſi- Moons are 
leaſt and moſt beneficial from 1751, to 1861. The long 
Auration of Moon-light at the Poles in winter. | 
No Harveſt- 273. TT is generally believed that the Moon riſes about 48 minutes 
Moon at the later every day than on the preceding; but this is true only 
Equator. with regard to places on the Equator. In places of conſiderable La- 
titude — is a remarkable difference, eſpecially in the harveſt time; 
with which Farmers were better acquainted than Aſtronomers till of 
late; and gratefully aſcribed the early riſing of the Full Moon at that 
time of the year to the goodneſs of God, not doubting that he had 
ordered it ſo on purpoſe to give them an immediate ſupply of mon- 
light after ſun-ſet for their greater conveniency in reaping the fruits of 
the earth: mg! «| 41 
In this inſtance of the harveſt-moon, as in many others diſcover- 
able by Aſtronomy; the wiſdom and beneficence of the Deity is con- 
ſpicuous, who _ ordered the courſe of the Moon fo, as to beſtow 
more or. leſs ligh on all parts of the earth as their ſeveral circum- 
ſtances and ſeaſons render it more or leſs ſerviceable. About the E- 
quator, where there is no variety of ſeaſons, and the weather changes 
ſeldom, and at ſtated times, Moon- light is not neceſſary for gathering 
in the produce of the ground; and there the moon riſes about 48 mi- 
nutes later every day or night than on the former. At conſiderable 
diſtances from the Equator, where the weather and ſeaſons are more 
uncertain, the autumnal Full Moons riſe very ſoon after ſun- ſet for ſe- 
But remarka- Veral evenings together. At the polar circles, where the mild ſeaſon 
ble according is Of very ſhort duration, the autumnal Full Moon riſes at Sun-ſet from, 
——— the firſt to the third quarter. And at the Poles, where the Sun is for 
"8 half a year abſent,” the winter Full moons} ſhine conſtantly without 
ſetting from the firſt to the third quarter. 
Je reafon of t is ſoon ſaid that all theſe Phenomena are owing to the different 
T Angles made by the Horizon and different parts of the Moon's Orbit; 
ande tliat the Moon can be full but once or twice in à year in thoſe 
parts of her Orbit which riſe with the leaſt angles. But to explain this, 
ſubject intelligibly we muſt dwell much longer upon it. 5 
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274. The * plane of the Equinoctial is perpendicular to the Earth's PLATE m. 
Axis: and therefore, as the Earth turns round its Axis, all parts of 
the Equinoctial make equal Angles with the Horizon both at riſing 
and ſetting; ſo that equal portions of it always riſe or ſet in equal 
times. Conſequently, if the Moon's motion were: equable, and in the 
Equinoctial, at the rate of 12 degrees from the Sun every day, as it is 
in her Orbit, ſhe would riſe and ſet 48 minutes later every day than 
on the preceding: for 12 degrees of the Equinoctial riſe or ſet in 48 
minutes of time in all Latitudes. 17 25 | 
275. But the Moon's motion is ſo nearly in the Ecliptic that we 
may conſider her at preſent as moving in it. Now the different parts 
of the Ecliptic, on account of its obliquity to the Earth's Axis, make 
very different Angles with the Horizon as they riſe or ſet. Thoſe 
parts or Signs which riſe with the ſmalleſt Angles ſet with the greateſt, 
and vice versd. In equal times, whenever this Angle is leaſt, a greater 
portion of the Ecliptic riſes than when the Angle is larger; as may be 
ſeen by elevating the pole of a Globe to any conſiderable Latitude, and 
then turning it round its Axis in the Horizon. | Conſequently, when the 
Moon is in thoſe Signs which riſe or ſet with the ſmalleſt Angles, ſhe 
riſes or ſets with the leaſt difference of time; and with the greateſt 
difference in thoſe Signs which riſe or ſet with the greateſt Angles. Fig. III. 
But, becauſe all who read this Treatiſe may not be provided with 
Globes, though in this caſe it is requiſite to know how to uſe them, we 
ſhall ſubſtitute the Figure of a Globe; in which FU is the Axis, S 
TR the Tropic of Cancer, LTW the Tropic of Capricorn, & EUW 
the Ecliptic touching both the Tropics which are 47 degrees from 
each other, and AB the Horizon. The Equator, being in the mid- 
dle between the Tropics, is cut by the Ecliptic in two oppoſite 
points, which are the beginnings of Aries and Libra. & is the 
Hour circle with its Index, F the North pole of the Globe ele- 
vated to the Latitude of London +, namely 5 14 degrees above the Ho- Fig. 111. 
rizon ; and P the South Pole depreſſed as much below it. Becauſe 
of the oblique poſition of the Sphere in this Latitude, the Ecliptic has The different 
the high elevation Ng above the Horizon, making the Angle MWS 1 
of 62 degrees with it when S Cancer is on the Meridian, at which 22 
time S Libra riſes in the Eaſt. But let the Globe be turned half 
round its Axis, till W Capricorn comes to the Meridian and Y Aries 
riſes in the Eaſt, and then the Ecliptic will have the low ele- 
* If a Globe be cut quite through upon any Circle, the flat ſurface where it is ſo di- 


vided, is the plane of that circle. | 
+ The Figure ſhews the Globe as if only elevated about 40 degrees, which was occa- 
ſioned by an averſight in the drawing: but it is ſtill ſufficient to explain the Phenomena. 
vation 
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/ " vation' NL above the Horizon making only an Angle NUL, of 15 de- 
grees, with it; which is 47 degrees leſs than the former Angle, equal 
to the diſtance between the Tropics. ; 

276. The ſmalleſt Angle made by the Ecliptic and. Horizon is 
Leaſt va vrhen Aries riſes, at which time Libra ſets: the greateſt when Libra 
ren, riſes, at which time Aries ſets. From the riſing of Aries to the riſing 


of Libra (which is twelve * Sidereal hours) the angle increaſes ; and 


proportion. = this article and the preceding, it appears that the 
Ecliptic riſes 


277. On the Parallel of Londa, as much of the Ecliptic riſes about 
Quantity of Piſces and Aries in two hours as the Moon q———- 


3 at goes through in ſix days: and therefore . F —__ wo, 

den. whilſt the Moon is in theſe Signs, ſhe dif- 33 3 — 

fers but two hours in riſing for fix days to-. . M. H. M. 
gether; that is, 20 minutes later every day 113 5] 50 
or night than on the preceding. But in * N 
fourteen days afterwards, the Moon comes 4 N 23 45 I 
to Virgo and Libra, which are the oppoſite | z * 61 x 26h 48 
Signs to Piſces and Aries; and then ſhe dif- 5 * 47 28 
ſers almoſt four tumes as much in riſing 3 81 15 g 15 18 
namely, one hour and about fifteen minutes m 12 1 18 22 
later every day or night than the former, HET! 5 0s 
whilſt ſhe is in theſe Signs; for by F 275 [12 £4 $þ+ 13 © 39] 


their tiſing Angle is at leaſt four times as 14 u 
great as t at of Piſces and Aries. The .an- 1s 
nexed Table ſhews the daily mean diffe- = * 
rence of the Moon's rifing and ſetting on the is 27 
Parallel of Londen, for 28 days; in which | 
time the Moon finithes her period round 21 "2 
the Ecliptic, and gets 9 degrees into the ſame |3#þ 20 
Sign from the beginning of which the ſet out. | 
So it appears by the Table, that while the 25 ö 29 
Moon is in and 2; ſhe riſes an hour and 426 3 + 
a quarter later every day than the for- 28 9 
mer; and differs only 24, 20, 18 or 17 mi- 
2 The Ecliptic, together with the fixed Stars, make 366: apparent diurnal revo- 
lutions about the Earth in a year; the Sun only 3654. Therefore the Stars gain 
3 minutes 56 ſeconds upon the Sun every day: ſo that a Sidereal day contains only 


23 hours 56 minutes of mean Solar time; and a natural or Solar day 24 hours. Hence 
12 Sidereal hours are 1 minute 58 ſeconds ſhorter than 12 Solar. 
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nates in ſetting, But, when the comes to K and NM, the is only 20 or 
17 minutes later, of riſing; and an hour and a quarter later in letting... 
278. All theſe things will be made plain by putting ſmall patches 
on the Ecliptic of a Globe, as far from one another as the Moon moves 
from any Point of the celeſtial Ecliptic in 24 hours, which at a mean 
rate is * 13 degrees; and then in turning the globe round, obſerve the 
rifing and ſetting of the patches in the Horizon, as the Index points out 
the different times in the hour circle. A few of theſe patches are re- 
reſented by dots at © 4 2 3 &. on the Ecliptic, which has the po- 
ſition LUI when Aries riſes in the Eaſt; and by the dots 0 x 2 3, &c. 
when Libra riſes in the Eaſt, at which time the Ecliptic has the po- 
ſition EUW : making an angle of 62 degrees with the Horizon in the 
latter caſe, and an angle of no more than 15 degrees with it in the 
former; ſuppoſing the Globe rectified to the Latitude of Lonabm. 


279. Having rectified the Globe, turn it until the patch at o, about 


the beginning of ), Piſces on the half LU I of the Ecliptic, comes to 
the Eaſtern {ide of the Horizon; and then keeping the ball Ready, ſet 
the hour Index to XII, becauſe that hour may perhaps be more eaſi 

remembred than any other. Then, turn the Globe round weſtward; 
and in that time, ſuppoſe the patch o to have moved thence: to 1, 
13+ degrees, whilſt the Earth turns once round its Axis, and you will 
ſee that 1 riſes only about 20 minutes later than o did on the day be- 
fore. Turn the Globe round again, and in that time ſuppoſe the ſame 
patch to have moved from 1 to 2; and it will riſe only 20 minutes 
later by the hour-Index than it did at 1 on the day or turn before. 
At the end of the next turn, ſuppoſe the patch to have gone from 2 
to 3 at U, and it will riſe 20 minutes later than it did at 2. And 
ſo on for ſix turns, in which time there will ſcarce be two hours 
difference: Nor would there have been ſo much if the 6 de of 
the Sun's motion in that time had been allowed for, At firſt 


Turn the patch riſes ſouth of the Eaſt, at the middle Turn due Eaſt, - 


and at the laſt Turn north of the Eaſt. But theſe patches will be 9g 
hours of ſetting on the weſtern fide of the Horizon, which ſhews that 


the Moon will be ſo much later of ſetting in that week in which ſhe - 


moves through theſe two Signs. The cauſe of this difference is evi- 
dent ; for Piſces and Aries make only an Angle of 15 degrees with 
the Horizon when they riſe; but they make an Angle of 62 de- 
grees with it when they ſet § 275. As the Signs Taurus, Gemini, 


* The Sun advances almoſt a degree in the Ecliptic in 24 hours, the ſame way that 
the Moon moves: and therefore, the Moon by advancing 134 degrees in that time 
goes little more than 12 degrees farther from the Sun than the was on the day before. 

1 gradually 
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Cancer, Leo, Virgo, and Libra riſe ſucceſſively, the Angle increaſes 
radually which they'make with the Horizon; and decreaſes in 'the 
ame proportion as they ſet. And for that reaſon, the Moon differs 

gradually more in the time of her riſing every day whilſt ſheis in theſe 

Signs, and leſs in her ſetting : After which, through the other fix Signs, 

viz. Scorpio, Sagittary, Capricorn, Aquarius, Piſces, and Aries, the 

riſing difference becomes leſs every day, until it be at the leaſt of all, 
namely, in Piſces and Aries. | | | 
280. The Moon goes round the Ecliptic in 27 days 8 hours; but 
not from Change to Change in leſs than 29 days 12 hours: fo that 
ſhe is in Piſces and Aries at leaſt once in every Lunation, and in ſome 

Lunations twice. | 4 

281. If the Earth had no annual motion, the Sun would never 
appear to ſhift his place in the Ecliptic. And then every New Moon 
would fall in the ſame Sign and degree of the Ecliptic, and every 

Full Moon in the oppoſite : for the Moon would go preciſely round the 
Ecliptic from Change to Change. So that if the Moon was once Full 
in Piſces, or Aries, ſhe would always be Full when ſhe came round 

to the fame Sign and Degree again. And as the Full Moon riſes 
at Sun-ſet (becauſe when any point of the Ecliptic ſets the oppoſite 
points riſes). ſhe would: conſtantly riſe within two hours of Sun-ſet 
during the week in which ſhe were Full. But in the time that the 

Moon goes round the Ecliptic from any conjunction or oppoſition; 
the Earth goes almoſt a Sign forward; and therefore the Sun will 
ſeem to go as far forward in that time, namely 294 degrees: fo 
that the Moon muſt go 27+ degrees more than reund; and as much. 
farther as the Sun advances in that interval, which is 2% degrees; 
before ſhe can be in conjunction with, or oppoſite to the Sun again: 
Hence it is evident, that there can be but one conjunction or 
oppoſition of the Sun and Moon in a year in any particular part 
of the Ecliptic. This may be familiarly exemplified by the hour 
and minute hands of a watch, which are never in conjunction or 
oppoſition in that part of the dial-plate where they were ſo laſt 
before. And indeed if we compare the twelve hours on the dial- 
plate to the twelve Signs of the Ecliptic, the hour-hand to the 
Sun and the minute-hand to the Moon, we ſhall have a tolerably 
near reſemblance in miniature to the motions of our great celeſtial 
Luminaries. The only difference is, that whilſt the Sun goes 
once round the Ecliptic the Moon makes 12: conjunctions with 
him: but whilſt the hour-hand goes round the dial-plate the mi- 
nute-hand makes only 11 conjunctions with it; 12 the minute- 


hand 
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hand moves ſlower in reſpect of the hour-hand than the Moon does 
with regard to the uin. „ el, has ee oth. cmd; 

282. As the Moon can never be full but when ſhe is oppoſite to the The Harveſt 
Sun, and the Sun is never in Virgo and Libra but in our autumnal 1— 
months, tis plain that the Moon is never full in the oppoſite Signs, 
Piſces and Aries, but in theſe two months. And therefore we can 
have only two Full Moons in the year, which riſe ſo near the time of 
Sun: ſet for a week together as above-mentioned. The former of theſe 
is called the Harveſt Moon, and the latter the Hunter's Moon. 

283. Here it will probably be aſked, why we never obſerve this re- Why the 
markable riſing of the Moon but in harveſt, fince ſhe is in Piſces and _—_ _ 
Aries at leaſt twelve times in the year beſides ;, and muſt then riſe never ac 
with as little difference of time as in harveſt? The anſwer is plain: ceived bu in. 
for in winter theſe Signs riſe at noon; and being then only a Quarter ; 
of a Circle diſtant from the Sun, the Moon in them is in her firſt Quar-. 
ter: but when the Sun is aboye the Horizon the Moon's riſing is 
neither regarded. nor perceived. In ſpring theſe Signs riſe with the Sun. 
becauſe he is then in them; and as the Moon geth in them at 
that time of the year, ſhe is quite inyiſible. In ſummer they riſe. 
about mid- night, and the Sun being then three Signs, or a Quarter 
of a Circle before them, the Moon is in them about her third Quarter; 
when riſing ſo late, and giving but very little light, her riſing paſſes 
unobſerved. And in autumn, theſe Signs being oppoſite to the Sun, 
riſe when he ſets, with the Moon in oppoſition, or at the Full, which. 
makes her riſing very conſpicuous. 0 . e 


284. At the Equator, the North and South Poles lie in the Horizon; 
and therefore the Ecliptie makes the ſame Angle ſouthward with the 
Horizon when Aries riſes as it does northward when Libra riſes. Con- 
ſequently, as the Moon at all the fote- mentioned patches riſes and ſets 
nearly at equal Angles with the Horizon all the year round; and about 
48 minutes later every day or night than on the preceding, there can 
be no particular Harveſt Moon at the Equator. 

285. The: farther that any place is from the Equator; if it be not 
beyond the Polar Circle, the Angle gradually diminiſhes which the 
Ecliptic and Horizon make when Piſces, and Aries riſg:. and therefore 
when the Moon is in theſe Signs ſhe riſes with a nearlygproportionable 
difference later every day than on the former ;- and 5 r that reaſon : 


the more remarkable about the Full, until we come to the Polar 
Circles, or 66 degrees. from. the Equator ;. in which Latitude the 


Ecliptic and Horizon become. coincident every day for a moment, 
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at the ſame ſidereal hour (or 3 minutes v6 ſeconds ſooner every day 
than the former) and the very next moment one half of the Ecliptic 


containing Capricorn, Aquarius, Piſces, Aries, Taurus, and Gemini 


riſes; and the oppoſite half ſets. Therefore, whilſt the Moon is go- 
ng from the beginning of Capricorn to the beginning of Cancer, 

ich is almoſt 14 days, ſhe riſes at/ the ſame ſidereal hour; and in 
autumn juſt at Sun: ſet, becauſe all that half of the Edliptic in which 
the Sun is at that time ets at the fame fidereal: hour, andi the oppoſite 


half riſes: that is, 3 minutes 56 ſeconds, of mean ſolat time, iooner 


every day than on the day before. So whilſt the Moon is going fre m 
Capricorn to Cancer the riſes earlier every day than on the preceding ; 
contrary to what ſhe does at all places between the polar Circles. But 


during the above ſoùrteen days, the Moom is 24 fidertal hours later in 


ſetting; for the ſix Signs h riſe all at once on the eaſtern ſide of 
the Horizon are 24 Hours in ſetting dn the weſtern ſide of it: às any 
one may fee by making chalk-marks at the beginning of Capricorn and 
of Cancer, and then, having elevated the Pole 664 degrees, turn the 
Globe flowly round it's Axis, and obſerve the riſing ant! ſetting of the 


- Ediptic. As the beginning of Aries is equally diſtant from the begin- 


The Harveſt 
Moons regu- 
lar on bot 
ſides of the 
Equator, 


ning of Cancer and of Capricorn, it is in the middle of that halt of 
the Ecliptic which riſes all at once. And when the Sun is at the begin- 
ning of Libra, he is in the middle of the other half. Therefore, when 
the Sun is in Libra and the Moon in Capricorn, the Moon is a Quarter 
of a Circle before the Sun; oppoſite to him, and conſequently full in 
Aries, and a Quarter of a Circle behind him when in Cancer. But 
when Libra riſes Aries ſets, and all that half of the Ecliptic of which 
Aries is the middle. And therefore, at that time of the year the Moon 
riſes at Sun-ſet from her firſt to her third Quarter. 

286. In northern Latitudes, the autumnal Full Moons are in Piſces 
and Aries; and the vernal Full Moons in Virgo and Libra: in fouthern 
Latitudes juſt the reverſe becauſe the ſeaſons are contrary. But 
Virgo and Libra riſe at as ſmall Angles with the Horizon in ſouthern 
Latitudes as Piſces and Aries do in the northern; and therefore 
the Harveſt Moons are juſt as regular on one ſide of the Equator as on 
the other. n . 2 

287. As theſe Signs which riſe with the leaſt Angles ſet with the 


| greateſt, the vernal Full Moons differ as much in their times of rifing 


every night as the autumnal Full Moons differ in their times of ſet- 
ting; and ſet with as little difference as the autumnal Full Moons riſe : 
the one being in all caſes the reverſe of the other. 


288. Hitherto, 


Of the Fiarve/i=Moog. 


288. Hitherto, for che fake of plainneſs, we have ſyppoſedtthe:Moon 
to move in the Feliptle, from which the Sun never deviates. But the 
Orbit in which the Moon really moves is different from the Echptic : 
one half being elevated 5 — rees above it, and the other half as much 
depreſſed velke ie. Te S0 s Orbit thereſore interſects the Echp- 
tie in two points diametrically oppoſite to each ocher: and theſe inter- 
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ſections are cattsd the MD, VNG. So the Moon can nevor be in thi The Moon's 
Ecliptie but when the is in either of her Nodes, Which is at leaſt Nodes. 


twice in eve courſe from Change to Change, and ſometimes thrice. 
For, ay the Moon. goes almoſt a whole Sign more than round her Or- 
bit from Change to Change; if the paſſes by either Node about the 
time of Change, the wilt p vals by the other in about fourteen days after, and 
come round 0 the Neat Node two days again before the next Change. 
That Node from which the Moon begins to aſcend northward, or 


above the Ecliptic, in northern Latitudes, is called the Aſcending Node; 


and the other the Deſcending: Node, becauſe the Moon, when the paſſes 
by it, deſcends below the Ecliptic fouthward. : 

289, The Moon's oblique motion with regard to the Ecbpiic! cauſes 
ſome difference in the times of her rifing and fetting from what is 
already mentioned. For whilſt ſhe is north ward of the Ecliptic; the riſes 
fooner and ſets later than if ſhe moved m the Eeliptic': and hen ſhe is 
ſouthward of the Ecliptic the riſes later and ſets ſooner. This difference 
is vartable even in the ſame Signs, becauſe the Nodes ſhift backward 
about 194 degrees in the Feliptic every year; and {go round it con- 
trary to the order of Signs in 18 years 22 5 days. | 
290. When the Aſcending Node is in Aries, che burhertt half of the 
Moon's Orbit makes an Angle of 5 degrees leſs wich the Horizon than 
the Ecliptic does, when Aries riſes in northern Latitudes: for which 
reaſon the Moon riſes with leſs difference of time whilſt the is in Piſces 
and Aries than there would be if the kept in the Ecliptic. But in ꝙ years 
and 112 days afterward, the Deſcending Node comes to Aries; and then 


the Moon's' Orbit makes an Angle 57 degrees greater with the Horizon 


when Aries riſes, than the Ecliptic does at that tine; which cauſes the 
Moon to riſe with greater difference of time in Piſces and Aries than 
if ſhe' moved in the Ecliptic. 

291. To be a little — particular, when the Aſcending Node is in 
Aries, the Angle is only 9 degrees on the parallel of London when 
Aries tifes. The when fe Deſcending Node comes to Aries, the Angle 
is 207 degrees; this occaftons as Ws a difference of the Moon's rifing 
in the fame Signs every 9 years, on the parallel of Lonubn, as there would 


be on two — 107 I from e one another, if the Moon's courſe 
were 
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The. period of in the riſing and ſetting of the Moon during that time. 


Of the Harveft-Moon. 
were in the Ecliptic. The following Table ſhews how much the 


-obliquity of the Moon's Orbit affects her riſing and ſetting on the parallel 
.of London from the 12th to the 18th day of her age ; ſuppoſing her to be 


Full at the autumnal Equinox; and then, either in the Aſcending Node, 
part of her Orbit, Deſcending Node, or loweſt part of her 

Orbit. M ſignifies morning, A afternoon; and the line at the foot 

the Table ſhews a week's difference in riſing and ſetting. 


Full in her AT ſin the higheſt |Full in her De-| In the loweſt 

714 J cending node. partof her Orbit. ſcending node. | part of her Orbit: 
> 
8 


. Riſes at Sets at] Riſes at Sets | at] Riſes at Sets at] Riſes at Sets at 
. H. M. H. M. H. M. H. M. H. M. H: M. H. M. H. M. 5 


4432 


ON 1— — 


12 | 5 A15] 3Mzo] 4430 31 f 314 5416] 3M 0 i 
| 13 wa 305 -30's v1.9 ore ge of 4 1 
4 | 5 48] 5 39] 5 15 ol 5 45] 5 42] 6 20| 5 2 
is | 6 5] 7 of 5-42] 7 20] 6 15] 6. 56] 6 45 6 32 
16 | 6 20] 8 15] 6 21 8 35 6 46] 8 7 8|7 454 
19 6636 12 6 26 9 45] 7 169 7 30 9 15] 
18 6 54]10 30 7 ofio 40 8 0 20 7 52/0 © 
pw 39] 7 10] 2 30] 7 25] 3 28] 6 40 2 36] 7 0 


| 


This Table was not computed, but only eſtimated as near as could 
be done from a common Globe, on which the Moon's Orbit was deli- 
neated with a black lead pencil. It may at firſt ſight appear erroneous; 
fince as we have ſuppoſed the Moon to be full in either Node at the 
autumnal Equinox, ſhe ought by the Table to riſe juſt at fix o'clock, 
or at Sun-ſet, on the, 15th day of her age; being in the Eclip- 
tic at that time. But it muſt be conſidered, that the Moon is only 
14+ days old when ſhe is Full; and therefore in both caſes ſhe is a 
little paſt the Node on the 1 5th day, being above it at one time, and 
below it at the other. | 

292. As there is a compleat revolution of the Nodes in 183 years, 
there muſt be a regular period of all the Varieties which can happen 
But this ſhift- 


. the Harveſt ing of the Nodes never affects the Moon's riſing ſo much, even in her 


Moons. 


uickeſt deſcending Latitude, as not to allow us ſtill the benefit of her 
riſing nearer the time of Sun-ſet for a few days together about the Full 
in Harveſt, than when ſhe is Full at any other time of the year. The 
following Table ſhews in what years the Harveſt-Moons are leaſt bene- 
ficial as to the times of their rifing, and in what years moſt, from 1751 
to 1861. The column of years under the letter L are thoſe in which 
the Harveſt-Moons are leaſt of all beneficial, becauſe they fall about 
the Deſcending Node: and thoſe under M aro the moſt of all bene- 
WH 7 flicial, 


Of the Harveſt-Moon. ” 


neficial, becauſe they fall about the Aſcending Node. In all the oo- 

lumns from N to $ the Harveſt- Moons deſcend gradually in the Lunar 
Orbit, and riſe to leſs heights above the Horizon. From $ to N they 
aſcend in the ſame proportion, and riſe. to greater heights above the 
Horizon. In both the columns under & the Harveſt-Moons are in the 
loweſt part of the Moon's Orbit, that is, fartheſt South of the Ecliptic; 
and therefore ſtay ſhorteſt of all above the Horizon: in the columns 
under N juſt the reverſe. And in both caſes, their riſing, though not 
at the ſame times, are nearly the ſame with regard to difference of 
time, as if the Moon's Orbit were coincident with the Ecliptic. 


Years in which the Harveſi-Moons are leaſt beneficial. 

N | : L | | ON 

1751 1752 1753 1754 1755 1756 1757 1758 1759 

1770 1771 1772 1773 1774 1775 1776 1777 1778 

1788 1789 1790 1791 1792 1793 1794 1795 1796 1797 
1807 1808 1809 1810 1811 1812 1813 1814 1815 | 
1826 1827 1828 1829 1830 1837 1832 1833 18344 
1844 1845 1846 1847 1848 1849 1850 1851 1852 | 

Years in which they are moſt beneficial. 

8 M | N 7 
1760 1761 1762 1763 1764 1763 1766 1767 1768 1769 
1779 1780 1781 1782 1783 1784 1785 1786 1787 
1798 1799 1800 1801 1802 1803 1804 1805 1806 | 
1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 
1833 1836 1837 1838 1839 1840 1841 1842 1843 
1833 1854 1855 1856 1857 1858 1859 1860 1861 | 


293. At the Polar Circles, when the Sun touches the Summer Tro- 
pic, he continues 24 hours above the Horizon; and 24 hours below it 
when he touches the Winter Tropic. For the ſame reaſon the Full 
Moon neither riſes in Summer, nor ſets in Winter, conſidering her as 
moving in the Ecliptic. For the Winter Full Moon being as Nigh in 
the Ecliptic as the Summer Sun, muſt therefore continue as long 
above the Horizon ; and the Summer Full Moon being as low in the 
Ecliptic as the Winter Sun, can no more riſe than he does. But 
theſe are only the two Full Moons which happen about the Tropics, 
for all the others riſe and ſet. In Summer the Full Moons are low, 
and their ſtay is ſhort above the Horizon, when the nights are ſhort, 


and we have leaſt occaſion for Moon-light: in Winter they go _ 
U an 
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of Moon- 
light at the 
Poles. 


The long duration of Moon-light at the Poles. 


and ſtay long above the Horizon when the nights are long, and we 
want the greateſt quantity of Moon-light. in Df | 
294. At the Poles; one half of the Ecliptic never ſets, and the other 
half never riſes: ' and therefore, as the Sun is always half a year in 
deſcribing one half of the Ecliptic, and as long in going through the 
other half, 'tis natural to imagine that the Sun continues half a year 
together above the Horizon of each Pole in it's turn, and as long 
below it; riſing to one Pole when he ſets to the other. This would 
be exactly the caſe if there were no refraction: but by the Atmo- 
ſphere's refracting the Sun's rays, he becomes viſible ſome days 
ſooner F 183, and continues ſome days longer in fight than he would 
otherwiſe do: fo that he appears above the Horizon of either Pole 
before he has got below the Horizon of the other. And, as he never 
oes more than 234+ degrees below the Horizon of the Poles, they 
Live very little dark night: it being twilight there as well as at all 


other places till the Sun be 18 degrees below the Horizon, $ 177. 


Fig. V. 


The Full Moon being always oppoſite to the Sun, can never be ſeen 
while the Sun is above the Horizon, except when the Moon falls in 
the northern half of her Orbit ; for whenever any point of the Ecliptic 
riſes the oppoſite point ſets. Therefore, as the Sun is above the Horizon 
of the north Pole from the 2oth of March till the 23d of September, 
It is plain that the Moon, when Full, being oppoſite to the Sun, muſt 
be below the Horizon during that half of the year. But when the 
Sun is in the ſouthern half of the Ecliptic he never riſes to the 
north Pole, during which half of the year, every Full Moon happens 
in ſome part of the northern half of the Ecliptic, which never ſets. 
Conſequently, as the polar Tnhabitants never ſee the Full Moon in 
Summer, they have her always in the Winter, before, at, and after 
the Full, ſhining for 14 of our days and nights. And when the Sun 
is at his greateſt depreſſion below the Horizon, being then in Capri- 
corn, the Moon is at her Firſt Quarter in Aries, Full in Cancer, and 
at her Third Quarter in Libra. And as the beginning of Aries is the 
riſing point of the Ecliptic, Cancer the higheſt, and Libra the ſetting 
point, the Moon riſes: at her Firſt Quarter in Aries, is moſt elevated 
above the Horizon, and Full in Cancer, and ſets at the beginning of 
Libra in her Third Quarter, having continued viſible for 14 diurnal 
rotations of the Earth. Thus the Poles are ſupplied one half of the 
winter time with conſtant Moon- light in the Sun's abſence; and only 
loſe fight of the Moon from her Third to her Firſt Quarter, while ſhe 
gives but very little light; and could be but of little, and ſometimes of no 
ſervice to them. A bare view of the Figure will make this plain; iti 
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Of the Tides. 


which let & be the Sun, e the Earth in Summer when it's north Pole 

2 inclines toward the Sun, and E the Earth in Winter, when it's north 

Pole declines from him. SEN. and NHS is the Horizon of the north 

Pole, which is coincident with the Equator; and, in both theſe poſi- 

tions of the Earth, ꝙp SH W is the Moon's Orbit, in which ſhe goes 

round the Earth, according to the order of the letters abcd, . ABCD, 

When the Moon is at a ſhe is in her Third Quarter to the Earth at e, 

and juſt riſing to the north Pole ; at þ ſhe changes, and is at the 

greateſt height above the Horizon, as the Sun likewiſe is; at c ſhe is 

in her Firſt Quarter, ſetting below the Horizon; and is loweſt of all 

under it at 4, when oppoſite to the Sun, and her enlightened fide to- 

ward the Earth. But then ſhe is full in view to the ſouth Pole p; 

which is as much turned from the Sun as the north Pole inclines to- 

wards him. Thus in our Summer, the Moon is above the Horizon 

of the north Pole whilſt ſhe deſcribes. the northern half of the Eclip- 

tic P SA, or from her Third Warren to her Firſt ; and below the 

Horizon during the progreſs through the ſouthern half M p; higheſt 

at the Change, moſt depreſſed at the Full. But in winter, when 

the Earth is at E, and it's north Pole declines from the Sun, the New 

Moon at D is at her greateſt depreſſion below the Horizon NWS, and 

the Full Moon at B at her greateſt height above it; riſing at. her Firſt 

Quarter A, and keeping above the Horizon till ſhe comes to her Third 

Quarter C. At a mean ſtate ſhe is 23+ . above the Horizon 

at B and 3, and as much below it at D and d, equal to the inclina- | 
tion of the Earth's Axis F. SS and, SW are, as it were, a ray of i 
light proceeding from the Sun to the Earth; and ſhews that when the | 
Earth is at e, the Sun is above the Horizon, vertical to the Tropic of 

Cancer; and when the Earth is at E, he is below the Horizon, vertical 

to the Tropic of Capricorn. . je 


CHAP. XVIL © 
Of the ebbing and flowing of the” Sea. 


295. T HE cauſe, of the Tides was diſcovered by KEgPLER, who, 
0 in his Jitroduction to the Phyſics of the Heavens, thus ex- 
plains it : * The Orb of the attracting power; which is in the Moon, The cauſe of 
is extended as far as the Earth; and draws the waters under the torrid the 4 
Zone, acting upon places where it is vertical, inſenſibly on confined Krrrzn. 
ſeas and bays, but ſenſibly on the ocean whoſe beds are large, and the 

CH | 2 9 waters 


improved by 
Sir Is AAc 
Nzwron. 


Explained on 
the Newtoni- 
an principles. 


Fig. I. 


Fig. I. 


Of the Tides. 


pLATEIX. waters have the liberty of reciprocation; that is, of riſing and falling.“ 
And in the 7oth page of his Lunar Aflronomy —— © But the cauſe of 
the Tides of the Sea appears to be the bodies of the Sun and Moon 
Their Theory drawing the waters of the Sea.” This hint being given, the immortal Sir 


Isaac NeEwToN improved it, and wrote ſo amply on the ſubject, as 
to make the Theory of the Tides in a manner quite his own; by 
diſcovering the cauſe of their riſing on the ſide of the Earth oppoſite 
to the Moon. For KryLER believed that the preſence of the Moon 
occaſioned an impulſe which cauſed another in her abſence. 

296. It has been already ſhewn F 106, that the power of gravity 
diminiſhes as the ſquare of the diſtance increaſes ; . and therefore the 
waters at Z on the fide of the Earth ABCDEFGH next the Moon 
M are more attracted than the central parts of the Earth O by the 
Moon, and the central parts are more attracted by her than the waters 
on the oppoſite ſide of the Earth at 2: and therefore the diſtance be- 
tween the Earth's center and the waters on it's ſurface under and oppo- 
fite to the Moon will be increaſed. For, let there be three bodies at 
H, O, and D: if they are all equally attracted by the body M, the 
will all move equally faſt toward it, their mutual diſtances from hack 
other continuing the fame, If the attraction of M is unequal, then 
that body which is moſt ſtrongly attracted will move faſteſt, and this 
will increafe it's diſtance from the other body. Therefore, by the law 
of gravitation, M will attract ¶ more ſtrongly than it does O, by which, 
the diſtance between Hand O will be increaſed : and a ſpectator on O 
will perceive H riſing higher toward Z. In like manner, O being 
more ſtrongly attracted than D, it will move farther towards M than 
D does: conſequently, the diſtance between O and D will be in- 
creaſed ; and a Pectatbt on O, not perceiving his own motion, will ſee 
D receding farther from him towards 1: all effects and appearances 
being the ſame whether D recedes from O or O from D. 

297. Suppoſe now there is a number of bodies, as A, B, C, D, E, F, G, H 
placed round O, ſo as to form a flexible or fluid ring: then, as the 
whole is attracted towards M, the parts at Hand D will have their 
diſtance from O increaſed ; whilſt the parts at B and F, being nearly 
at the ſame diſtance from M as O is, theſe parts will not recede from one 
another; but rather, by the oblique attraction of M, they will approach 
nearer to O. Hence, the fluid ring will form itſelf into an ellipſe 
ZIBLnKFNZ, whofe longer Axis »zOZ produced will paſs through M, 
and it's ſhorter Axis BOF will terminate in B and F. Let the ring be 
filled with bodies, fo as to form a flexible or fluid ſphere round O; 
then, as the whole moves toward M, the fluid ſphere being lengthned 


at 
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O the Earth's center, ABCDEFGH the Sea covering the Earth's ſur- 
face, tis evident by the above ry that ' whilſt the Earth by it's 
gravity falls toward the Moon, the Water directly below: her at B 
will ſwell and riſe gradually towards her: alſo, the Water at D will 
recede from the center ¶ ſtrictly ſpeaking, the center recedes from Di and 
riſe on the oppoſite fide of the Earth: whilſt the Water at B and F is 
depreſſed, and falls below the former level. Hence, as the Earth 
turns round it's Axis from the Moon to the Moon again in 244 hours, 
there will be two tides of flood and two of ebb in that time, as we 
find by experience. TH PETS Of eee 
298. As this explanation of the ebbing and flowing of the Sea 
is deduced from the Earth's conſtantly falling toward the Moon 
by the power of gravity, ſome may find a difficulty in concewing 
how this is poſſible when the Moon is Full, or in oppoſition to 
the Sun; ſince the Earth revolves about the Sun, and muſt con- 
tinually fall towards it, and therefore cannot fall contrary ways at the: 
fame time: or if the Earth is conſtantly falling towards the Moon, 
they muſt come together at laſt. To remove this difficulty, let it be 
conſidered, that it is not the center of the Earth that deſcribes: the 
annual Orbit round the Sun; but the“ common center of gravity of 
the Earth and Moon together: and that whilſt the Earth is moving 
round the Sun, it alſo deſeribes a Circle round that centre of gravity; 
going as many times round it in one revolution about the Sun as there 


are Lunations or courſes of the Moon round the Earth in a year: and 
therefore, the Earth is conſtantly falling towards the Moon from a 


tangent to the Circle it deſcribes round the ſaid common center of gra- 


vity. Let M be the Moon, TY part of the Moon's Orbit, and C Fig 


the center of gravity of the Earth and Moon: whilſt the Moon goes 


round her Orbit, the center of the Earth deſcribes the Circle ged round 


C, to which Circle ga# is a tangent: and therefore, when the Moon 
has gone from M to a little paſt V, the Earth has moved from g to 
e; and in that time has fallen towards the Moon, from the tangent at 
a to e; and fo round the whole Circle. * 3; 


This center is as much nearer the Earth's center than the Moon's as the Earth is 
heavier, or contains a greater quantity of matter than the Moon, namely about 40 
times. If both bodies were ſuſpended on it they would hang in æguilibrio. So that 


dividing 240,000 miles, the Moon's diſtance from the Earth's center, by 40 the ex- 


ceſs of the Earth's weight above the Moon's, the quotient will be 6000 miles, which 
is the diſtance of the common center of gravity of the Earth and Moon from the 


Earth's center; 


299. The 


149 
at Z and n, will aſſume an oblong or oval form. If M is the Moon, PLATE 


I. 


15 Of the Tides. 


PLATEIX. 299. The Sun's influence i in raiſin 2008 Tides. is but ſmall in com- 
pariſon of the Moon's : For though the Earth's. diameter bears a con- 
ſiderable proportion to it's diſtance from: the Moon, it, is 7 to no- 

thing when compared with the diſtance of the Sun, And therefore, 

the difference of the Sun's attraction, on the Hides. Of. the Earth under 

and oppoſite to him, is much leſs than the difference of the Moon's 

attraction on the ſides of the Earth under and oppoſite. to her,;, and 

therefore the Moon muſt miſe the Ties anch Aer he abend be 

_ by the n 7 . jon 2cr21y 
, i 1 VP K 1 

Why che al On this 7 val Þ far as we 7 5 explained it, the Tide, AG Sy 

prays higheſt directiy under and oppoſite to the Moon; that is, when 

che hloonis en the Moon is due north and ſouth. But we find, that in open Seas, 
dhe Meridian. where: the water flows freely, the Moon M is generally paſt che, north 

Fig. J. and ſouth Meridian as at 5 weed it is high water at E and at u. The 
reaſon is obvious; for though the Moon's attraction was. to ceaſe: alto- 
gether when the was paſt the Meridian, yet the motion of aſcent com- 
municated to the water before that time would make it continue to 
riſe for ſome time after; much more muſt it do ſo when the attraction 
is only diminiſhed : as a little impulſe given to a moving bal! will 
cauſe it ſtill move farther than otherwiſe, it could have done. / And, as 
experience ſhews, that the day is hotter about three in the afternoan, 
than when the Sun is on the Meridian, Hecands, of the i increment made 
to the heat already imparted. 

Nor always 301. The Tides anſwer not always to "Hate diſtance of hs Moon 

anſverto ker from the Meridian at the ſame places; but are yariouſly affected by. 

ſame diſtance the action of the Sun, which brings them on ſooner when the Moon 
from it. is in her firſt and third Quarters, and keeps them back later when ſhe 
is in her ſecond and fourth: becauſe, in the former caſe, the Tide 
raiſed: by the Sun alone would be earlier dan. the Tide rale 4 the 
$428 and 1 in the rags caſe later. 8 6 | 


* 


51 


302. The Moon goes round the Earth. in an Aue Orbit, nd 
therefore ſhe — ot Fame nearer to the Earth than, her mean diſtance, 


_—_ and recedes fart 
neap Tides 


er from it, in every Lunar Month. When ſhe is neareſt 
ſhe attracts ſtrongeſt, and ſo riſes the Tides moſt'; the contrary happens 
when the is fartheſt, becauſe of her weaker attraction. When both 
Luminaries are in the Equator, and the Moon in Perigeo, or at her 
leaſt diſtance from the Earth, ſhe raiſes the Tides higheſt of all, 
eſpecially at her Conjunction and Oppoſition; both becauſe the equa- 
toreal parts have the greateſt centrifugal force from their deſcribing the 
largeſt 
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largeſt Circle, and from the concurring actions of the Sun and Moon. PLATEIX. 
At the Change, the attractive forces of the Sun and Moon being uni- 
ted, they diminiſh the gravity of the waters under the Moon, which 
is alſo diminiſhed on the other fide, by means of a greater centrifugal 
force. At the full, whilſt the Moon raiſes the Tide under and op- Fig. VI. 
polite to her, the Sun acting in the ſame line, raiſes the Tide under and 
oppoſite to him; whence their conjoint effect is the fame as at the 
Change; and in both caſes, ,occafion what we call the Spring Tides. 

But at the Quarters the Sun's action on the waters at O and Fdiminiſhes 
the Moon's action on the waters at Z and N; fo that they riſe a little 
under and oppoſite to the Sun at O and H, and fall as much under and 
oppoſite to the Moon at Z and N; making what we call tbe Neap 
Tides, becauſe the Sun and Moon then act croſs-wiſe to each other. 
But, ſtrictly ſpeaking, theſe; Tides happen not till ſome time after; be- 
cauſe in this, as in other caſes, & 300, the actions do not produce the 
greateſt effect when they are at the ſtrongeſt, but ſome time afterward. 

303. The Sun being nearer the Earth in Winter than in Summer, met 
$ 205, is of courſe nearer to it in February and October than in March 1 _—_ 
and September: and therefore the greateſt Tides happen not till ſome why. 
time after the autumnal Equinox, and return a little Pefbre the vernal. 

The Sea being thus put in motion, would continue to ebb and The Tides 
flow for ſeveral times, even though the Sun and Moon were annihi- ton. rt 
lated, or their influence ſhould ceaſe: as if a baſon of water were ceaſe upon the 
agitated, the water would continue to move for ſome time after the annihilation 
baſon was left to ſtand ſtill. Or like a Pendulum, which having b EN and SR 
put in motion by the hand, continues to make ſeveral vibrations' without 
any,new impulſe. TS, 
© 304. When the Moon is in the Equator, the Tides are equally 2 _ 
high in both parts of the lunar day, or time of the Moon's revo. 
ing from the Meridian to the Meridian again, which is 24 hours 48 
minutes. But as the Moon declines from the Equator towards either 
Pole, the Tides are alternately higher and lower at places having north The Tides 

riſe to unequal 


or ſouth Latitude. For one of the higheſt, elevations, which is that j\; hes in the 

under the Moon, follows her towards the fame Pole, and the other — day, and 

declines towards the oppoſite; each 'deſcribing parallels as far diſtant why. 

from the Equator, on. oppoſite ſides, as the Moon declines ftom- it to 

either ſide ;, and conſequently, the parallels deſcribed by theſe eleva- 

tions of the water ate twice as many degrees from one another, as 

the Moon is from the Equator ; increafing their diſtance as the Moon 

increaſes her declination, till it be at the greateſt,” when the ſaid mw 
| els 
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Fig. III, IV, V. 


Fig: III. 
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poſition aTE, on the ſide oppoſite to the Moon; the reverſe happens 


at the ſame time in the Jouthern Hemiſphere ES; as is evident to 


fight. The Axis of the 


ides aCd has now it's Poles à and d (being 


always 90 degrees from the higheſt elevations) in the arctic an 
antarctic Circles; and therefore tis plain, that at theſe Circles there is 


but one Tide of Flood, and one of Ebb, in the lunar day. For, 


Vyhen the point à revolves half round to 5, in 12 lunar hours, it has 


Fig. IV. 


Fig. V. 


a Tide of Flood; but when it comes to the ſame point a, again in 
12 hours more, it has the loweſt ebb. In ſeven days afterward, the 
Moon M comes to the equinoctial Circle, and is over the Equator Eg, 

when both Elevations deleribe the Equator; and in both Hemiſpheres, 
at equal diſtances from the Equator, the Tides are equally high in both 
parts of the lunar day. The whole Phenomena being reverſed when 


the Moon has ſouth declination to what they were when her declina- 


Fig. VI. 


tion was north, require no farther deſcription. | 

305. In the three laſt- mentioned Figures, the Earth is orthogra- 
phically projected on the plane of the Meridian; but in order to de- 
ſcribe a particular Phenomenon we now project it on the plane of the 


Ecliptie. Let HZ ON be the Earth and Sea, FED the Equator, F4 
133 e the 
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the Tropic of Cancer, C the arctic Circle, P the'north Pole, and the 


Curves 1, 2, 3, &c. 24 Meridians, or hour Circles, interſecting each 
other in the Poles; AGM is the Moon's Orbit, & the Sun, M the 
Moon, Z the Water elevated under the Moon, and N the oppoſite 
equal Elevation. As the loweſt parts of the Water are always go de- 
grees from the higheſt, when the Moon is in either of the Tropics (as 
at M) the Elevation E is on the Tropic of Capricorn, and the oppoſite 
Elevation N on the Tropic of Cancer, the low-water Circle HCO 
touches the polar Circles at C; and the high-water Circle ETP6 goes 
over the Poles at P, and divides every parallel of Latitude into two 
equal ſegments. In this caſe the Tides upon every parallel are alter- 


232 


When both 
Tides are e- 
2 high in 
e ſame day, 
they arriye at 
unequal inter- 
vals of Time; 
and vice wer/a. 


nately higher and lower; but they return in equal times: the point T, 


for example, on the Tropic of Cancer (where the depth of the Tide 
is repreſented by the breadth of the dark ſhade) has a ſhallower Tide 
of Flood at T than when it revolves half round from thence to 6, 
according to the order of the numeral Figures ; but it revolves as 
ſoon from 6 to T as it did from T to 6. When the Moon is in the 
Equinoctial, the Elevations Z and N are transferred to the Equator 


at O and H, and the high and low-water Circles are got into each 
other's former places; in which caſe the Tides return in unequal times, 
but are equally high in both parts of the lunar day: for a place at 1 
(under D) revolving as formerly, goes ſooner from 1 to 11 (under F) 


than from 11 to 1, becauſe the parallel it deſcribes is cut into unequal 
ſegments by the high-water Circle HCO : but the points 1 and 1 {Yew 
ing equidiſtant from the Pole of the Tides at C, which is directly under 
the Pole of the Moon's Orbit MGA, the Elevations are' equally high 
in both parts of the day. | 

306. And thus it appears, that as the Tides are governed by the 
Moon, they muſt turn on the Axis of the Moon's Orbit, which is 


inclined 234 degrees to the Earth's Axis at a mean ſtate : and there- 
fore the Poles of the Tides muſt be ſo many degrees from the Poles 


of the Earth, or in oppoſite points of the polar Circles, going round 


theſe Circles in every lunar day. Tis true that according to Fig. TV. 


when the Moon is vertical to the Equator EC, the Poles of the 
Tides ſeem to fall in with the Poles of the World N and S: but 
when we confider that F HG is under the Moon's Orbit, it will a 

pear, that when the Moon is over H, in the Tropic of Capricorn, the 
north Pole of the Tides, (which can be no more than go degrees 
from under the Moon) muſt be at c in the arctic Circle, not at N. 
the north Pole of the Earth ; W the Moon aſcends from _ to 
g | in 
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To know at 
what times 
we may ex- 
pect the 
reateſt and 
eaſt Tides, 
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G in her Orbit, the north Pole of the Tides muſt ſhift from c to 4 
in the arctic Circle; and the South Pole as much in the antarctic. 
It is not to be doubted, but that the Earth's quick rotation brings 


the poles of the Tides nearer to the Poles of the World, than they 


would be if the Earth were at reſt, and the Moon revolved about 
it only once a month; for otherwiſe the Tides would be more un- 
equal in their heights, and times of their returns, than we find th 
are. But bow near the Earth's rotation may bring the Poles of 
it's Axis and thoſe of the Tides together, or how far the preceding 
Tides may affect thoſe which follow, fo as to make them keep up near- 
ly to the ſame heights, and times of ebbing and flowing, is a problem 
more fit to be ſolved by obſervation than by theory. 15 


f 307: Thoſe who have opportunity to make obſervations, and chooſe 
to ſatisfy themſelyes whether the Tides are really affected in the above 
manner by the different poſitions of the Moon; eſpeically as to the 
unequal times of their returns, may take this general rule for know- 
ing, when they ought to be fo affected. When the Earth's Axis in- 
clines to the Moon, the northern Tides, if not retarded in their paſſa 
through Shoals and Channels, nor affected by the Winds, ought to 
greateſt when the Moon is above the Horizon, leaſt when the is be- 
low it; and quite the reverſe when the Earth's Axis declines from her: 
but in both caſes, at equal intervals of time. When the Earth's Axis 
inclines fidewiſe to the Moon, both Tides are equally high, but they 
happen at unequal intervals of time. In every Lunation the Earth's 
Axis inclines once to the Moon, once from her, and twice ſidewiſe 
to her, as it does to the Sun every year; becauſe the Moon goes 
round the Ecliptic every month, and the Sun but once in a year. In 
Summer, the Earth's Axis inclines towards the Moon when New ; 
and therefore the day-tides in the north ought to be higheſt, and 
night-tides loweſt about the Change: at the Full the reverſe. At 
the Quarters they ought to be equally high, but unequal in their 
returns; becauſe the Earth's Axis then inclines ſidewiſe to the Moon. 
In winter the Phenomena are the ſame at Full-Moon as in Summer 
at New. In Autumn the Earth's Axis inclines ſidewiſe to the Moon 
when New. and Full; therefore the Tides ought to be equally high, 
and unequal in their returns at theſe times. At the firſt Quarter the 
Tides of Flood ſhould be leaſt when the Moon is above the Horizon, 
greateſt when ſhe is below it; and the reverſe at her third Quarter. 
In Spring, Phenomena of the firſt Quarter anſwer to thoſe of the third 


2 Quarter 
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uarter in Autumn; and vice verſa. The nearer any time is oY. OE 
ther of theſe ſeaſons, the more the Tides partake of the Phenomena - | 
of theſe ſeaſons; and in the middle between any two of them the ee 
Tides are at a mean ſtate between thoſe of both. P bil 

308. In open Seas, the Tides riſe but to very mal heights i in pro- Why d the 
portion to what they do in wide-mouthed rivers, opening in the nden riſe 
Direction of the Stream of Tide. For, in Channels growing nar- yes than in 
rower gradually, the water is accumulated by the oppoſition of the the Sea. 
contracting Bank. Like a gentle wind, little felt on an open plain, 
but ſtrong and briſk in a ſtreet ; eſpecially if the wider end of the 
ſtreet be next the plain, and in the way of the wind. 

309. The Tides are ſo retarded in their paſſage through different The Tides 
Shoals and Channels, and otherwiſe ſo variouſly affected by ſtriking 57 happen a - 
againſt Capes and Headlands, that to different places they happen che Non 
at all diſtances of the Moon from the Meridian; — at all from the 
hours of the lunar day. The Tide propagated by the Moon in the fam —4 
German Ocean, when ſhe is three hours paſt the Meridian, takes 12 and why, 
hours to come from thence to London bridge; where it arrives by the 
time that a new Tide is raiſed in the Ocean. And therefore when 
the Moon has north declination, and we ſhould expect the Tide at 
London to be greateſt when the Moon is above the ovizon, we find 
it is leaſt; and the contrary when ſhe has ſouth declination: ' At ſe- 
veral places 'tis high water three hours before the Moon comes to the 
Meridian; but that Tide which the Moon puſhes as it were before 
her, is only the Tide oppoſite to that which was raiſed by her when 
ſhe was nine hours paſt the oppoſite Meridian. 

zo. There are no Tides in Lakes, becauſe they are generally ſo The Water 
ſmall that when the Moon is vertical ſhe attracts every part of them ever riſes 
alike, and therefore by rendering all the water equally light, no _ 
part of it can be raiſed higher than another, The Mediterranean and 
Baltic Seas ſuffer very ſmall elevations, becauſe the Inlets by which 
they communicate with the Ocean are ſo narrow, that they cannot, in 
ſo ſhort a time, receiye or diſcharge enough to raiſe or ſink their ſur- 


faces ſenſibly. 


311. Air being lighter than Water, and the ſurface of the Atmo- The Moon 
ſphere being nearer to the Moon than the ſurface of the Sea, it can- raiſes Tides 
not be doubted that the Moon raiſes much higher Tides in the Air AAS hu 
than in the Sea. And therefore many have wondered why the Mer- 
cury does not fink in the Barometer when the Moon's action on the 


particles of Air makes them lighter as ſhe paſſes over the Meridian. 
X 2 But 


— 
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Why the But we muſt conſider, that as theſe particles are rendered lighter, a 

Ale gang meter greater number of them is accumulated, until the deficiency of gra- 

is not affected vity be made up by the height of the column; and then there is an 

_—_— acreal uilibrium, and conſequently an equal preſſure upon the Mercury as 
es. 


before; ſo that it cannot be affected by the aerial Tides. 


CHA P. XVIII. 


Of Eclipſes : Their Number and Periods. A large Cata- 
lague of Ancient and Modern Eclipſes. 


A ſhadow, 312. EEE Planet and Satellite is illuminated by the Sun; 
** and caſts a ſhadow towards that point of the Heavens 
which is oppoſite to the Sun. This ſhadow is nothing but a privation 
of light in = ſpace hid from the Sun by the opake body that inter- 
cepts his rays. eng 
Eclipſes of 313, When the Sun's light is ſo intercepted by the Moon, that 
the Sun and to any place of the Earth the Sun appears partly or wholly covered, 


Moon, what. he is ſaid to undergo an Eclipſe ; though properly ſpeaking, tis only 


an Eclipſe of that part of the Earth where the Moon's ſhadow or 
* Penumbra falls. When the Earth comes between the Sun and 
Moon, the Moon falls into the Earth's ſhadow ; and having no light 
of her own, ſhe ſuffers a real Eclipſe from the interception of the 
Sun's rays. When the Sun is eclipſed to us, the Moon's Inhabitants 
on the ſide next the Earth (if any ſuch there be) ſee her ſhadow like 
a dark ſpot travelling over the Earth, about twice as faſt as its equa- 
toreal parts move, and the fame way as they move. When the Moon 
is in an Eclipſe, the Sun appears eclipſed to her, total to all thoſe parts 
on which the Earth's — falls, and of as long continuance as they 
are in the ſhadow. | 
A proof that 314. That the Earth is ſpherical (for the hills take off no more 
— Earth and from the roundneſs of the Earth, than grains of duſt do from the 
oon are ; : x 
lobular bo- roundneſs of a common Globe) is evident from the figure of its 
ies. ſhadow on the Moon; which is always bounded by a circular line, 
although the Earth is inceſſantly turning its different fides to the 
Moon, and very ſeldom ſhews the ſame fide to her in different 


F * The Penumbra is a faint kind of ſhadow all around the perfect ſhadow of the Pla- 
net or Satellite; and will be more fully explained by and by. 


Eclipſes, 
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Eclipſes, becauſe they ſeldom happen at the ſame hours, Were the - + 


Earth ſhaped. like a round flat plate, its ſhadow would only be cir- 
cular when either of its ſides. directly faced the Moon; and more 
or leſs elliptical as the Earth happened to be turned more or leſs. ob- 
liquely towards the Moon when the is eclipſed. The Moon's different 
Phaſes prove her to be round & 254; for, as ſhe keeps ſtill the 
ſame ſide towards the earth, if that ſide were flat, as it appears to be, 
ſhe would never be viſible from the third Quarter to the firſt; and 
from the firſt Quarter to the third, ſhe would appear as round as 
when we fay ſhe is Full: becauſe at the end of her firſt Quarter the 
Sun's light would come as ſuddenly on all her fide next the Earth, 
as it does on a flat wall, and go off as abruptly. at the end of her 


third Quarter. | 


315. It the Earth and Sun were equally big, the Earth's ſhadow would And that the 


5 
be infinitely extended, and all of the ſame breadth; and the Planet 
Mars, in either of its nodes and oppoſite to the Sun, would be eclipſed 


Nun 


Sun is much 


than 
„and 


in the Earth's ſhadow. Were the Earth bigger than the Sun, it's the Moon 
ſhadow would increaſe in breadth the farther it was extended, and uch lefe. 


would eclipſe the great Planets Jupiter and Saturn, with :all their 
Moons, when they were oppoſite to the Sun. But as Mars in oppoſi- 
tion never falls into the Earth's ſhadow, although he is not then above 
42 millions of miles from the Earth, 'tis plain that the Earth is much. 
lefs than the Sun ; for otherwiſe it's ſhadow could not end in a point 
at fo ſmall a diſtance. - If the Sun and Moon were equally big, the 
Moon's ſhadow would go on to the Earth with an equal breadth, and 
cover a portion of the Earth's ſurface more than 2000 miles broad, 
even if it fell directly againſt the Earth's center, as ſeen from the 
Moon: and much more if it fell obliquely on the Earth: but the 
Moon's ſhadow: is ſeldom 1 50 miles broad at the Earth, unleſs when 
it falls very obliquely on the Earth, in total Eclipſes of the Sun. In 
annular Eclipſes, the Moon's real ſhadow ends in a point at ſome 
diſtance from the Earth. The Moon's ſmall diſtance from the Earth, 
and the ſhortneſs of her ſhadow, prove her to be leſs than the Sun. 
And, as the Earth's ſhadow is large enough to cover the Moon, if her 
diameter was three times as large as it is (which is evident from her 
long continuance in the ſhadow when ſhe goes through. it's center) tis 
plain, that the Earth is much bigger than the Moon. 


316. Though all opake bodies on w 
ſhadows, yet ſuch is the bulk of the Sun, and the diſtances of tl 


Planets, that the primary Planets can never eclipſe one another. 
Primary can eclipſe only it's ſecondary, or be eclipſed by it; and n 
2 


A 


ever 
but 


hich the Sun ſhines have their The primary 
he Planets neven 


- eclipfe one 
another; 
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PLATE X. but when in oppoſition or conjunction with the Sun. The primary 


Why there 
are ſo few 
Eclipſes. 


Planets are very ſeldom in theſe poſitions, but the Sun and Moon are 
ſo every month: whence one may imagine that theſe two Luminaries 
ſhould be eclipſed every month. But there are few Eclipſes in re- 
ſpect of the number of New and Full Moons; the reaſon of which 
we ſhall now explain. | | 

317. If the Moon's Orbit were coincident with the Plane of the 
Ecliptic, in which the Earth always moves and the Sun appears to 
move, the Moon's ſhadow would fall upon the Earth at every Change, 
and eclipſe the Sun to ſome parts of the Earth. In like manner the 
Moon. would go through the middle of the Earth's ſhadow, and be 


- eclipſed at every Full; but with this difference, that ſhe would be to- 


| tally darkened for above an hour and half; whereas the Sun never was 


The Moon's 
Nodes. 


Limits of 
Eclipſes. 


Fig. I. 


above four minutes totally eclipſed by the interpoſition of the Moon. 
But one half of the Moon's Orbit, is elevated 5 degrees above the 


Ecliptic, and the other half as much depreſſed below it: conſequent- 


ly, the Moon's Orbit interſects the Ecliptic in two oppoſite points call- 
ed the Moon's Nodes, as has been already taken notice of $ 288. When 
theſe points are in a right line with the center of the Sun at New 
or Full Moon, the Sun, Moon, and Earth are all in a right line; 
and if the Moon be then New, her ſhadow falls upon the Earth; if 
Fall the the Earth's ſhadow falls upon her. When the Sun and Moon 
are more than 17 degrees from either of the Nodes at the time of 
Conjunction, the Moon is then too high or too low in her Or- 
bit to caſt any part of her ſhadow apon the Earth. And when the 
Sun is more than 12 degrees from either of the Nodes at the. time 
of Full Moon, the Moon is too high or too low in her Orbit to 
o through any part of the Earth's ſhadow : and in both theſe caſes 
ere will be no Eclipſe. But when the Moon is leſs than 17 degrees 
from either Node at the time of Conjunction, her ſhadow or Penum- 
bra falls more or leſs upon the Earth, as ſhe is more or leſs within this 
limit. And when ſhe is leſs than 12 degrees from either Node at the 
time of oppoſition, ſhe goes through a greater or leſs portion of the 
Earth's ſhadow, as ſhe is more or leſs within this limit. Her Orbit 
contains 360 degrees; of which 17, the limit of ſolar Eclipſes on ei- 
ther fide of the Nodes, and 12 the limit of lunar Eclipſes, are but 
ſmall portions: and as the Sun commonly paſſes by the Nodes but 
twice 1n a year, it is no wonder that we have ſo many New and Full 

Moons without Eclipſes. 55 
To illuſtrate this, let ABCD be the Ecliptic, RSTU a Circle lying 
in the fame Plane with the Ecliptic, and WX the Moon's Orbit, 
| all 
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all thrown into an oblique view, which gives them an elliptical ſhape PLATE x 


to the eye. One half of the Moon's Orbit, as VFX, is always below 
the Ecliptic, and the other half X7V above it. The points and X, 
where the Moon's Orbit interſects the Circle RSTU, which lies even 
with the Ecliptic, are the Moon's Nodes; and a right line as XEF 


drawn from one to the other, through the Earth's center, is the Line of Line of the 


the Nodes, which is carried almoſt parallel to itſelf round the Sun in a Nodes. 


ear. 


coincident with the Plane of the Ecliptic, her ſhadow would fall upon 
the Earth every time ſhe is in conjunction with the Sun, and at every 
oppoſition ſhe would go through the Earth's ſhadow. Were this the 
caſe, the Sun would be eclipſed at every Change, and, the Moon at 
every Full, as already mentioned. BI beats 

But although the Moon's ſhadow N muſt fall upon the Earth at a, 
when the Earth is at E, and the Moon in conjunction with the Sun at z, 
becauſe ſhe is then very near one of her Nodes; and at her oppoſition u 
ſhe muſt go through the Earth's ſhadow I, becauſe ſhe is then near the 
other Node; yet, in the time that ſhe goes round the Earth to her 
next Change, according to the order of the letters X, the Earth 
advances from E to e, according to the order of the letters EFGH, 
and the line of the Nodes VE being carried nearly parallel to itſelf, 
brings the point F of the Moon's Orbit in conjunction with the Sun at 
that next Change; and then the Moon being at F is too high above 


the Ecliptic to caſt her ſhadow on the Earth: and as the Earth is ſtill 


moving forward, the Moon at her next oppoſition will be at g, too 
far below the Ecliptic to go through any part of the Earth's ſhadow ; 
for by that time the point g will be at a conſiderable diſtance from the 
Earth as ſeen from the Sun. 

When the Earth comes to F, the Moon in conjunction with the 
Sun Z is not at &, in a Plane coincident with the Ecliptic, but above 
it at Vin the higheſt part of her Orbit: and then the point & of her 
ſhadow O goes far above the Earth (as in Fig. II, which 1s an edge 


If the Moon moved round the Earth in the Orbit RSTU, which is 


5 


view of F 8. I.) The Moon at her next oppoſition is not at o (Fig I) Fig. I and IL 


but at where the Earth's ſhadow goes far above her, (as in Fig. II.) 
In both theſe caſes the line of the Nodes VFX (Fig. I.) is about go 
degrees from the Sun, and both Luminaries as far as poſſible from 


the limits of Eclipſes. 


When the Earth has gone half round the Ecliptic from E to &, the 


line of the Nodes VG is nearly, if not exactly, directed towards the 


Sun at Z; and then the New Moon / caſts her ſhadow P — 
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PLATE x. Earth G; and the Full Moon p goes through the Earth's ſhadow L; 
which brings on Eclipſes again; as when the Earth was at E. 

When the Earth comes to H the New Moon falls not at m in a 
plane coincident with the Ecliptic CD, but at in her Orbit below 
it: and then her ſhadow Q, (ſee. Fig. II) goes far below the Earth. 
At the next Full ſhe is not at g (Fig. I) but at Jin her Orbit 54 de- 
grees above q, and at her greateſt height above the Ecliptic CD; being 
then as far as poſſible, at any oppoſition, from the Earth's ſhadow M 
(as in Fig. II.) di n gb tac i207 n bats. 

-- So, when the Earth is at E and G, the Moon is about her Nodes at 
New and Full; and in her greateſt North and South Declination, (or 
Latitude as it is generally called) from the Ecliptic at her Quarters : 
but when the Earth is at For H, the Moon is in her greateſt North 
and South Declination from the Ecliptic at New and Full, and in the 
Nodes about her Quarters. Wadi 6 ach | 
The Moon's 418. The point X where the Moon's Orbit croſſes the Ecliptic is 
aſcending and called the Aſcending Node, becauſe the Moon aſcends from it above 
Node. the Ecliptic : and the oppoſite point of interſection is called the De- 
ſcending Node, becauſe the Moon deſcends from it below the Ecliptic. 
Her North When the Moon is at Jin the higheſt point of her Orbit, ſhe is in 
and South her greateſt North Latitude; and when ſhe is at in the loweſt point 
0 of her Orbit, ſhe is in her greateſt South Latitude. 
The Nodes 319. If the line of the Nodes, like the Earth's Axis, was carried 
have aret'0- parallel to itſelf round the Sun, there would be juſt half a year be- 
St tween the conjunctions of the Sun and Nodes. But the Nodes ſhift 
backward, or contrary to the Earth's annual motion, 19 1 every 
year; and therefore the ſame Node comes round to the Sun 19 days ſooner 
Fig, I. every year than on the year before. Conſequently, from the time that 
the aſcending Node X (when the Earth is at E) paſſes by the Sun as 
ſeen from the Earth, it is only 173 days (not half a year) till the de- 
ſcending Node / paſſes by him. Therefore, in whatever time of the 
Which brings year we have Eclipſes of the Luminaries about either Node, we may 
- den dy be ſure that in 173 days afterward we ſhall have Eclipſes about the 
. year than '” otherNode. And when at any time of the year the line of the Nodes is in 
_ would be the ſituation YGAX, at the ſame time next year it will be in the ſituation ' 
lhe Nodes Gs; the aſcending Node having gone backward, that is, contrary to 
a motion. the order of Signs from & tos, and the deſcending Node from tor; 
each 19+ degrees. At this rate the Nodes ſhift through all the Signs 
and degrees of the Ecliptic in 18 years and 225 days; in which time 
there would always be a regular period of Eclipſes, if any compleat 
aumber of Lunations were finiſhed without a fraction. But this never 
: happens ; 
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eee for if the Sun and Moon ſhould ſtart from a conjunction with 
either of the Nodes in any point of the Ecliptic, whilſt the fame Node 
is going round to that point again the Earth performs 18 annual revo- 
lutions about the Sun and 222 Degrees (or 7 Signs 12 Degrees) overs 
and the Moon 230 Lunations or Courſes from Changs to Change and 
85 Degrees (or 2 Signs 25 Degrees) over; ſo that the Sun will be 
138 Degrees from the ſame Node when it comes round, and the Moon 
85 Degrees from the Sun. Hence, the period of Eclipſes and revolu- 
lution of the Nodes are completed in different times. | | 
320. In 18 years 10 days 7 hours 43 minutes aſter the Sun Mobn' a period of © 
and Nodes have been in a line of conjunction, they come very Eclipſe s 
near to a conjunction again: only, if the conjunction from which you | 
reckon falls in a leap-year, the return of the conjunction will be one 

day later. Therefore, if to the * mean time of any Eclipſe of the 

Sun or Moon in leap-year, you add 18 years 11 days 7 hours 43 
minutes; or in a common year a day leſs, you will have the mean 

time of that Eclipſe returned again for ſome ages; though not always 
viſible, becauſe the 7 hours 43 minutes may ſhift a ſolar Eclipſe into 

the night, and a lunar Eclipſe into the day. In this period there are 

juſt 223 Lunations, and the Sun is again within half a degree of the | 
ſame Node, but ſhort of it. Therefore, although this period will ſerve The defeats 
tolerably well for ſome ages to examine Eclipſes by, it cannot hold of it. 
long; becauſe: half a degree from the Node ſets the Moon 2 minutes 

of a degree from the Ecliptic. And as the Moon's mean diſtance from 

the Earth is equal to 60 Semidiameters of the Earth, every minute of 

a degree at that diſtance is equal to 60 geographical miles, or one 
degree on the Earth; conſequently 24 minutes of declination from the 
Ecliptic in the Moon's Orbit, is equal to 150 ſuch miles, or 24 degrees 

on the Earth. Conſequently, if the Moon be paſſing by her aſcend- 

ing Node at the end of this period, her ſhadow will go 150 miles 
more ſouthward on the Earth than it did at the beginning thereof. If 

the Moon be paſſing by her deſcending Node, her ſhadow will go 150 
miles more northward : and in either caſe, in 500 years the ſhadow 
will have too great a Latitude to touch the Earth. So that any Eclipſe 

of the Sun, which begins (for — to touch the Earth at the 
fouth Pole (and that muſt be when the Moon is 17 degrees paſt her 
deſcending Node) will advance gradually northward in every return 

for about a thouſand years, and then go off at the north Pole; and 
cannot take ſuch another courſe again in leſs than 11, 683 years. 


Which is the time that the Eclipſe would be at the greateſt obſcuration, if the mo- 
tions of the Sun and Moon were equable, or * ſame in all parts of their Orbits. 
2 — , [ his 
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This back-of the Sun and Moon in every petiod, with re- 

to the will occafion thoſe Eclipſes whi happen about 

e aſcending Node w go more foutherly in cach return; and thoſe 
wid happen about the deſcending Node to go more northerly : for 
the father the Moon is ſhort of the aſcending Node, within the Jimits 
of Eclipſes, 'the farther ſhe is fouth of the Ecliptic; and on the con- 
trary, t Denen the farther ſhe is 
northward of the Ecliptic. 

From Mr. G. 321. To mluſtratg tis a little farther, Ma Eos of 


* {0 64 „Ar moſt remarkable circumſtances of the returns of the _ 
Eclipſts, which happened 14, 4748, about noon: This Eclipſe; a 


rinted at 4 —— the voids of ſpace from the Creation, at laſt began to enter 
5 my % the Terre Auftraks Incugnitu, about 88 years after the Conqueſt, 
year 1748, ©* which was the laſt of King 8TrruE Ns reign; every * Ghaldearn 
| 8 it has crept more northerly, but was fill inviſible in Britain 
the year 16223 when on the goth of April it began to touch 
6 * ths ſouth parts of England about 2 in the aſternoon; its central ap- 
* pearance riſing in the American South Seas, and traverſing Peru and 
« Ky. Amame s country, through the dHYantic ocean into Africa, and 
<< ſetting in the Aale, — not far from the . f 
s the Red Se. 

Its next viſible period ws after three Chaldean revolutions in 1676, 

«on the firſt of June, riſing central in the Anlantic ocean, paſſing us 


te about g in the \ ponent oh with four 4 Digits eclipſed on the under 
* limb; — ſetting in the gulf of Cuchinchina in the Ea Indies. 


5 F It being now near the D iſtice, this Eclipſe was viſible the very 


te next teturn in 1694, in the evening; and in two periods more, 


1 « which'was in 1730, on the 4th of July, was ſeen above half eclipſed 


« juſt after Suh-riſe, and obferved both at Wirtemberg in Germany, and. 
46 Potin 1 in China, ſoon after which it went off. 
Eightee $ morcalſorded us the Eclipſe which fell on the 14th 
«: af ah 1748, 
© The next viſible return will happen on Fuly 25, 1766, in the 
« evening, about four eclipſed; and after two periods more, on 
«  Anugu 16th, 1802. early in the morning, about five Digits, the 
« *,ccriter coming from the north frozen continent, by the capes of Nor- 


way, through Tartory, . and Japen, to e eee 
* Se goes off. 


* The above ay of 18 years 11 » days 7 hours 43 minutes, which » was found out 
by the'Chaldrans, and by them called Sares. 
+ A Digit e W 


* Again, 
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e Again, in.1820, A. 26, on ono and two, there wilt be 
another great Eclipſe at Landon, about 10 Digits; but happening ſo 
. the ne 2 center. will 2 every — gy the 
e enter Germam at Eubden, paſſing aucg, Nane. 
Grand Cairo, and ſet in the gulf of Baſſora near: that ci | | 
<« It will be no more viſhie till 1874, when five Digits will be 
obſcured, the center being now about to leave the Earth on Se- 
tember 28. In 1892 the Sun will go down eclipſed. at Landon, 


and again in 1928 the paſſage of 7 will be in the hh nn. 
thoug chere will be two Digits eclipſed at London, Qfeheri the gift 
of that year; and about the year 2090 the whole Penumbra will” © 


be wore off; whence no more returns of this Eclipſe can myo 


till after a revolution of 10 thouſand years. 


From theſe remarks on the intire reyolution: of this: Eclipſe, we 
may gather, that a thouſand years, more or leſs (fon there are 


« ſome. irregularities that may protract or lengthen this period 108 
years) complete the whale. terreſtrial Phenomena of any i fipgle 


Eclipſe : and ſince 20 periods af 34 years each, 9 


* comprehend the intirs extent of their revolution, ,t evident 


* 
cc 
cc 
cc 
cc 
cc 
cc 
cc 


cc 


the times of the returns will paſs-through a cinevit of ene year-and 


ten months, every Chaldean period being ten or eleven days later, 
and of the Pater appearances about 32 or 33 days. pi 1 | 
though this Eelple * about the middle of Jup, no qther 
—— Eclipſe of this period will return to the middle of the 
ſame. month again; but wear coriſtantly each period 10 or 11 
days forward, and at laſt appear in Winter, but then it begins to 
ceaſe from affecting us. | 
« Another concluſion from this revolution may be 3 that there 
wilt ſeldom be any more than two great Eclipſes of the Sun in the 
interval of this period, and theſe follow ſometimes next return, and 
often at greater diſtances. That of 171 5. returned again. in 1733 
very great ; but this preſent Eclipſe will not be 2 till the arrival 
of 1820, which is a revolution of four Chaldean periods: fo that the 
irregularities of their circuits muſt undergo new computations to 
aſſign them exactly. 


Nor do all Eclipſes come in at the ſouth Pole: that depends alto- 
. gether on the poſition of the lunar Nodes, which will - 2 55 as 


many from the expanſum one way as the other 4 and ſuch 
will wear more ſoutherly by degrees, N to what — 


the preſent caſe. 


Y 2 . 


Why our pro- 
ſent Tables 
agree not with 
antient obſer- 
vations. 


Trartzs's 


Eclipſe, 
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The Eclipſe, for example, of 1736, in September, had its center 
in the expanſum, and ſet about the middle of its obſcurity in Britain; 
« 'jt will wear in at the north Pole, and in the year 2600, or there- 
« abouts, go off into the expanſum on the ſouth fide of the Earth. 
“The Eclipſes therefore which happened about the Creation are 
* little more than half way yet of their etherial circuit ; and will 
* be 4000 years before they enter the Earth any more. This grand 
revolution ſeems to have been entirely unknown to the antients. 
32. It is particularly to be noted, that Eclipſes which have hap- 
* pened many centuries ago, will not be found by our preſent Tables 
«to agree exactly with antient obſervations, by reafon of the great 
% Anomalies in the lunar motions; which appears an inconteſtable 
« demonſtration of the non- eternity of the Univerſe. For it ſeems 
confirmed by undeniable proofs, that the Moon now finiſhes her 
period in leſs time than formerly, and will continue by the centri- 
Le; petal law to approach nearer-and nearer the Earth, and to go ſooner 
e and ſooner round it: nor will the 3 power be ſufficient to 
tt compenſate the different gravitations of ſuch an aſſemblage of bodies 
«c/'as/conftitute the ſolar ſyſtem, which would come to ruin of itſelf, 
ke! N new regulation and adjuſtment” of their original mo- 
„ „„ 33 
,* 14) 223; We are credibly informed from the teſtimony of the an- 
"was a total Eclipſe of the Sun predicted by 


"1% 


There are two antient Eclipſes of the Moon, recorded by Ptolemy from Hipparchus, 
which afford an undeniable proof of the Moon's acceleration. The firſt, of theſe was 
ere at Babylon, December the 22d, in the year before CHRIST 383: when the 
Moon began to be eclipſed about half an hour before the Sun roſe, and the Eclipſe 
was not over before the Moon ſet: but by our beſt Aſtronomical Tables, the Moon 
was ſet at Babylon half an hour before the Eclipſe began; in which cafe, there could 
have 1 no poſſibility of obſerving it. The ſecond Eclipſe was obſerved at Alex- 
andria, September" the 22d, the year before CHRIST 201; where the Moon roſe ſo 
much eclipſed, that the 'Eclipſe muſt have begun about half an hour before ſhe roſe : 
whereas by our Tables the beginning of this Eclipſe was not till about 10 minutes 
after the Moon roſe at. Alexandria. Had theſe Eclipſes begun and ended while the 


Sun was below the Horizon, we might have imagined, that as the antients had no 


Mr. Struy# in-t 


certain way of meaſuring time, they might have been fo far miſtaken in the hours, 
that we could not have laid any ſtreſs on the accounts given by them. But, as in 
the firſt Eclipſe the Moon was ſet, and conſequently the Sun riſen,” before it was over; 
and in the ſecond Eclipſe the Sun was ſet, and the Moon not riſen, till ſome time after 
it began; theſe = ſuch circumſtances as the obſervers could not poſſibly be miſtaken in. 
the following Catalogue, notwithſtanding the expreſs words of Ptolemy, 
puts down theſe two Ecliples as obſerved at Athens; where they might have been ſeen 
without any acceleration of the Moon's motion: Athens being 20 degrees Weſt of 
Babylon, and 7 degrees Welt of Alexandria. 1 = | 
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« THALES to happen in the fourth year of the 48th * Olympiad, either 
« at Sardis or Miletus in Afia, where 'THALEs then reſided. That 
year correſponds to the 58 5th year before Cyr1sT'; when accordingly 
« there happened a very ſignal Eclipſe of the Sun, on the 28th of May, 
« anſwering to the preſent roth of that month +, central through 
« North America, the ſouth parts of France, Italy, &c. as far as Athens, 
« or the Iſles in the Ægean Sea; which is the fartheſt that even the 
Caroline Tables carry it; and conſequently make it inviſible to any 
« part of Aja, in the total character; though I have good reaſons to 
<« believe that it extended to Babylon, and went down central over that 
* city. We are not however to imagine, that it was ſet before it paſt 
« Sardis and the Afiatic towns, where the predictor lived; : becauſe an 
«© inviſible Eclipſe could have been of no ſervice to demonſtrate! his 
ce ability in Aſtronomical Sciences to his countrymen, as it could give 
© no proof of its reality. 15 £12 8 VEE 5 
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<« 324. For a farther illuſtration, TrUcyDIDEs relates, that a ſolar Tuverbt- 
« Eclipſe happened on a Summer's day in the afternoon, in the firſt 25%" Eclipſe. 


* 


% year of the Pelbpunngfian war, ſo great that the Stars appeared; 
«© RroDIvs was victor in the Ohmpic | ray the fourth year of the 
« ſaid war, being alſo the fourth bf the 87th Olymprad, on the - 428th 


* Each Olympiad began at the time of Full Moon next after the Summer Solſtice, 
and laſted four years, which were of unequal lengths becauſe the time of Full Moon dif- 
fers 11 days every year: ſo that they might ſometimes begin on the next day after the 
Solſtice, and at other times not till four weeks after it. The firſt Olympiad began in 
the year of the Julian Period 3938, which was 776 years before the firſt year of CRIS r, 
or 775 before the year of his birth; and the laſt Olympiad, which was the 293d, began 
A. D. 393. At the expiration of each Olympiad, the Olympic Games were celebrated in 
the Elian fields, near the river Alpheus in the Pelapanneſus (now Morea) in honour of 
JurirER OLyMPys. See STRAUCHIUS's Breviarium Chronologium, p. 247—=251. + 

+ The reader may probably find it difficult to underſtand why Mr. Syn * 
reckon this Eclipſe to have been in the 4th year of the 48th Olympiad das it was on 
in the end of the third year: and alfo why the '28th of May, in the 58 5th year before 
Cuxis r ſhould anſwer to the preſent 10th of that month. But we hape the following 
explanation will remove theſe difficulties. | Tj 75 F'% 6 

The month of May (when the Sun was eclipſed) in the 585th year before the firſt 

ear of CHRIST, which was a leap-year, fell in the latter end of the third year of the 

48th Olympiad ; and the fourth year of that Olympiad 1 at the Summer Solſtice fol- 
. lowing: but perhaps Mr. SMITH begins the years of the Ohmpiad from Jauuary, in 
order to make them correſpond more readily with Julian years; and ſo reckanz the 
month of May, when the Eclipſe happened, to be in the fourth year of that Olympiad. 

The Place or Longitude of the Sun at that time was 8 29% 43 17”, to which ſame 
place the Sun heals (after 2300 years, viz.) A. D. 1716, on May, 94. 5*. 6*. after 
noon; ſo that, with reſpect to the Sun's place, the qth of May, 1716 anſwers to the 
28th of May in the 585th year before the firſt year of CHRIST; that is, the Sun had the 
ſame Longitude on both thoſe days, OE tis 

hy year 


The number 


Of Eclipyes. 


«< year before CHRIS r. 80 that the Eclipſe muſt have happened in 
« the 431ft year before ChRIS T; and by computation it appears, that 
* on the 3d of Auguſt there was a ſignal Eclipſe which would have paſt 
„% over Athens, central about 6 in the evening, but which our preſent 
« Tables bring no farther than the antient Syrtes on the African coaſt, 
* above 400 miles from Athens; which ſuffering in that caſe but 9 
Digits, could by no means exhibit the remarkable darkneſs recited by 
«« this hiſtorian ; the center therefore ſeems to have paſt Athens about 
% 6 in the evening, and probably might go down about Jeruſalem, or 
1% near it, contrary to the conſtruction of the preſent Tables. I have 
« only obviated theſe things by way of caution to the preſent Aſtrono- 
mers, in re-computing antient Eclipſes; and refer them to examine 
c the Eclipſe of Nicias, ſo fatal to the Athenian fleet“; that which 
©, overthrew the Macedonian Army + &c.” So far Mr. SMITH. 

25. In any year, the number of Eclipſes of both Luminaries cannot 
be ies than two, nor more than ſeven ; the moſt uſual number is four, 
and it is very rare to have more than fix, For the 1 by both 
the Nodes but once a year, unleſs he paſſes by one of them in the 
beginning of the year; and if he does, fo will 2 the ſame Node 

agu a little before the year be finiſhed ; becauſe, as theſe points move 
. 19 degrees back ward every year, the Sun will come to either of them 
173 days after the other $ 319. And when either Node is within 17 
degrees of the Sun at the time of New Moon, the Sun will be eclipſed. 
At the ſubſequent oppolition the Moon will be eclipſed in the other 
Node; and come round to the next conjunction again ere the former 
Node be 17 degrees paſt the Sun, and will therefore eclipſe him again. 
When three Eclipſes fall about either Node, the like number generally 
falls about the oppoſite; as the Sun comes to it in 173 days afterward: 
and fix Lunations contain but four days more. 'Thus, there may be 
two Eclipſes of the Sun and one of the Moon about each of her 
Nodes. But when the Moon changes in either of the Nodes, ſhe 
cannot be near enough the other Node at the next Full to be eclipſed; 
and in fix lunar months afterward ſhe will change near the other Node: 
in theſe caſes there can be but two Eclipſes in a year, and they are 
both of the Sun, | on | age, nol 
326. A longer, and conſequently more exact period than the above- 
mentioned 320, for comparing and examining Eclipſes which happen 
at long intervals of time, is 57 F years 324 days 21 hours 41 
minutes and 35 ſeconds; in which time there are juſt 716 mean Lu- 


* Before CRS r 413, Auguſt 27. + Before CHRIST 168, Fune 20. 
nations, 


Of Eclipſes. 


nations, and the Sun is again within 5 minutes of the ſame Node as 


before. But a ſtill better petiod is 557 years ex days 18 hours 30 


minutes 12 ſeconds; in which time there are 6890 mean Lunations; 


and the Sun and Node meet again ſo nearly as to be but 1 ſeconds 
diſtant. 1 | . 


—— 
8  *u# » k 
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327. We ſhall ſubjoin a catalogue of Eclipſes recorded in BIG | 


from 721 years before CHRIST to A. D. 1485; of computed Eclip es 
from 1485 to 1700; and of all the Eclipſes viſible in Eurqe from 170 
to 1800. From the beginning of che catalogue 


to A. D. 1485 the An aceount ot 


the followin 


Eclipſes are taken from STRUYK's Jutrudluction do uni venſal Geography, lou c 
as that indefatigable author has, with much labour, collected them Eclipſes. 


from Ptolemy, Thucydides, Plutarch, Galvifius, Xenon, Diodorus 
Siculus, Jagen, Polytnus, Taras Lives, Cicero, Lucanus, Theophanes, 
Dion. Caſſius, and many others. From 1485 to 1700 the Eclipſes are 
taken from Riccialuss l/mageft and from 1700 to 1800 from L'art de 
verifier les Dates v. Thaſe from tri have all the places mentioned 
where they were obſerved : Thoſe from the French authors, viz. the 
religious Benedictines of the Congregation of St. Adawr, are fitted to the 
Meridian of Paris: And concerning thoſe from Ricciolus, that author 
gives the following account. 1 ene . 

“ Becauſe it is of great uſe for fixing the Cycles or Revolutions of 
Eclipſes, to have at hand, without the trouble of calculation, a lift of 
ſaccefive clipſes for many years, computed by authors of Hphenterrues, 
although from Tables nat ꝓerfect in all.reſpe&s, I mall for the benefit af 
Aſtronomers give a ſummary colleQion of ſuch. The authors I extuact 
from are, an anonymous one who publiſhed Hphemerides frem 1484 
to 1 506 incluſive; Jacobus Prlaumem and Jo. Sta ferinus, to the Meri- 
dian of Ulm, from 1507 te 1534: Lucas Gauricus, to the Latitude af 
45 degrees, from 1534 to 1551: Peter Appian, to the Meridian of 
Leyſing, from 1538 to 1578 : Jo. Steflerus, to the Meridian of Tubing, 
from 1543 to 1554: Petrus Pitatus, to the Meridian of Venice from 
1544 to 1556: Georgius-Foachimus Rheticus, for the year 1551: Ni- 
cholaus Simus, to the Meridian of Bologna, from 1552 to 1568: Mi- 
chael Maſtlin, to the Meridian of Tubing, from 1557 to 1590: To. 
Stadius, to the Meridian of Antwerp, from 1554 to 1574: Jo. Anto- 
ninus Maginus, to the Meridian of Venice, from 1581 to 1630: David 
Origan, to the Meridian of Franckfort on the Oder, from 1595 to 1664: 
Andrew Argol, to the Meridian of Rome, from 1630 to 1700: Fran- 
ciſcus Montebrunus, to the Meridian of Bologna, from 1461 to 1660: 


 ®.STRUYK's Eclipfes are to the Old Style, all the reſt to the New. _ 
2 Among 


— 


168 Of Eclipſes. : 
Among which, Stadius, Maſilin, and ' Maginus, uſed the Prutenic 
Tables; Origan the Prutenic and Habonic; Montebrunus the Lan ſber- 
gian, as likewiſe thoſe of Duret. Almoſt all the reſt the Apbonſine. 
But, that the places may readily be known for which theſe Eclipſes 
were computed, and from what Tables, conſult the following liſt, in 
which the years inclu/ive are alſo ſet ſet down. NEE! 


From 1485 to 1506 The place and author unknown, 
150% ' 1553 Un in Suabia, from the Alpbomſine. 
1554 - 1676 Antwerp, from the Prutenic. 
1577 1585 Tubing, from the Prutenic. 
1586 1594 Venice, from the Pruteme. © 
1595 1600 Franckfort on Oder, from the Prutenic.”  - 
1601 1640 Pranckfort on Oder, from the Tychonic: - 
1641 1660 Bologna, from the 'Lanſbergian. ' 
1661 1700 Rome, from the Tychone,” ce. 


So far RiccioLvus. 


. The Eclipſes marked with an Aſeriſk are not in Rirttor bet 
catalogue; but are ſupplied from L'art de verifier les Dates. | 


From the beginning of the catalogue to A. D. 1700, the time is 
reckoned from the noon of the day mentioned to the noon of the fol- 
lowing day : but from 1700. to' 1800 the time is ſet down according to 
dur common way of reckoning. Thoſe marked Pekin and Canton are 
Eclipſes from the Chineſe chronology according to STRUYX; and 
throughout the Table this mark ©; ſignifies Sun, and this @ Moon. 


STRUYRK'S 
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STRUYK's Catalogue of ECLIPSES. 

1 Bef. | Eclipſes of the Sun | Middle | Digits || Aft.” Eelipſes of the Sun | Middle | Digits 
Chr. and Moon fen a | PE P.] H. -M.|eclipſed || Chr. and! Moon fen a ( M. PD. H. M.ſeclipſed 
— — — a —— 4 —ñ—ũ— —— — ' | | 

721] Babylon Mar. 19| 10 34 Total 1 Pekin June 10] 1 1011 43 
720 Babylon Mar. 811 56] 2 5 5 Rome © |Mar. 28] 4 13 4 45 
720 Babylon Sept. 110 18 5 4 14 |Panonia . [© [Sept.26[17 1 otal 

621 Babylon Apr. 2118 22] 2 36 ][ 27 [Canton 0 J'y 22] 8 56 Total 
523 Babylon July 16012 47] 7 24]] 30o|[Canton Nov. 1319 2010 30 
502 Babylon Nov. 1912 21] 1 52] 40 Pekin $3 5 wh 30 5 JFof 7 34 
' 491 Babylon Apr. 25|12 121 44|| 45|Rome 1 [July 31j22 1 5 17 
431 Athens [Aug. 3] 6 35|11 of| 46[Pekin July 2122 25] 2 10 
425 Athens [Oct. 98 6 45 Total 46 Rome . [@ [Dec. 319 52 Total 
424 Athens Mar. 2020 17 2 2 49 [Pekin © |May 20 7 16410 8 
413 Athens Aug. 2710 15 Total 53 Canton © |Mar. 820 4211 6 
406 Athens Apr. 15] 8 50 Total 55 Pekin © July 12421 5o[ 6 40 
404 | Athens Sept. 221 128 40 ' 56|Canton Dec. 25 0 28] 9 20 
403 Pekin Aug 28 5 53/0 40] 59 Rome © |Apr. 30] 3 8110 38 
394 Gnide Aug. 1322 17% o 50 Canton OA. 13] 3 31010 30 
383 Athens Dec. 229 6] 2 1] 65 [Canton © |Dec. 1521 500 23 
3820 Athens @ [June 18] 8 5416 1 69 Rome „od. 1810 43]10 49 
382 Athens Dec. 1210 21 Total 70 Canton Sept. 22 21 13] 8 26 
364 | Thebes & | July 1223 51] 6- off 71|Rome Mar. 4] 8 32] 6 o 
357 _ | Feb. 2822 —| 3 33] 95 Epheſus May 21 ———{j 1 © 
357 |Zant Aug. 29 7 29] 4: 21]| 125 Alexandria April 5 9 16] 1 
340 Zant $1 [Sept. 1418 — [09 oo 133 Alexandria . |'@. May 6]11 44 Total 
331|Arbela | 0 Sept. 20 10 9 Total 134 Alexandria oc. 2011 10 19 
310 Sicily Iſland Aug. 1420 510 22|} 136 Alexandria Mar. 5|15 550 5 17 
219 Myſiaa Mar. 1914 5 Total 237 Bologna Abr. 12 —— Total 
218 Pergamos @ |Sept. 1 riſing | Total 238 Rome 0 '/ ain 1120 20] 8 45 
217 | Sardinia Feb. 11] 1 57] 6 290|Carthage May 15] 3 20011 20 
203 Fruſini May 6| 2 gz] 5 40 304] Rome Aug. 316 9 36 Total 
202 Cumis [Oct. 1822 24 1 0 316 Conſtantinople 8 Dec. 3019 53] 2 18 
201 Athens * 5 22 7 148 581] 334 Toledo July 17 at noon| Central 
200 Athens Mar. 19013 9 Total || 348 Conſtantinople. | Det. 819 244 8 o© 
200 Athens Sept. 1114 48 Total || 360 Iſpahan Aug. 2718 of Central 

198 Rome | Aug. 6 364 | Alexandria @ [Nov.25 [15 24 Total 
190 Rome Mar. 1318 —ſ11 of] 401] Rome +» ' 399 11 — Total 
188 Rome July 1620 3810 48] 401 Rome Dec. 612 15 Total 
174 Athens Apr. 3014 33] 7 1 402 Rome % June 18 43110 2 
168 Macedonia Jane 218 2 Total || 402 Rome I Nov. 1020 3310 30 
141 Rhodes Jan. 2510 8] 3 26] 447] Compoſtello . Dec. 23 0 46] 1 — 
104 | Rome || July 18022 oj11- g2[| 451|Compoſtello {| @ [April 116 34|19. 52 
63 Rome [@ | OR. 27 6 22| Total- H 451} Compoſtello @ j=ept.26] 6 300 2 
60| Gibralter Mar. 16| ſetting [Central [| 458 Chaves © [May 27 [23 16[18 53 
54 | Canton May 9g; 3 41 Total I 462|Compoſtello. Mar. 113 2111 11 
51 [Rome Mar. 7| 2 129 off 464| Chaves July 1919 110 15 
48 Rome Jan. 1810 o Total || 484 Conttantinople | $3 . 13119 53] © © 
45 Rome Nov. 614 — | Total |] 480 Conſtantinople | & [May 19] 1 10 5 15 
36 Rome & [May 19] 3 52 6 47 497 | Conſtantinople Apr. 18] 6 $ 17 57 
31 |Rome £ Aug. 20| ſetting Gr. Eel. ] 512] Conſtantinople | June 28|23 I 50 
29 Canton Jan. 5 4 2 of| 536England Feb 14419 —| 8 23 
28 Pekin June 1823 48 Total || 540 London June 1920 15] 8 — 
26| Canton & | OR. 234 4 16[11 15] 577] Tours Dec. 10017 28] 6 46 
24 Pekin April 7 4 11] 2 of] 581|Paris. April 4]13 33] 6 42 
16|Pekin Nov. 1| 5- 13] 2 -8]| -582|Paris @ |[Sept.17|12 41 Total 
2 |Canton Feb. 120 811 42 590 Paris Oct 18] 6 30 9. 25 
a 8 6 | Aft. 
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pe clivf 
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622 Paris : — hs 
644 Conf tinopl M 
| 80 — A .4N 
693 Pari inople 8 NE 
M Paris Mar H, dle on 
1716 Con * 18 AR 
718 Co ſta 6 Pe. 22 5 1 5 
733 Conttantn 8 Nor. 3 6 — A 
734 — Jens 11 (ho cx 
| 33 . © Jun 4 11 30 _— 4 ere 
, 77 Englan = 1 Y L * 3 54 9 6.5 — bd woes Midd! 
787 R = | Jane 8 4 Total 34 ari on | A ; id _ 
787 Rome © [Au * 22 a T | 955 Pai | @ 855 1. _ 
796 — © Avg-15 | affine | Total 561 Park 4 * Fr I EA 
80 "1 ti ne 4 1 1 876 — M 25 3 7 pod 
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81 Cond JE 18 11 Tout mm _ 8 Ki 3 Jt 180 
81 Cappad ee 2 T 7 4 14 1 Nimeg | * Oct — Sa 22 Total 
8 Bert 3 8 — 28 rant 4 0 — £3 | I O 
24 [Par © | May » —|7 03 — 92 1h +hit 2 
828 Par 4 Ma, oy 8 1 Toa — Rome = N . 45 I 5 
[83 155 3 | fer 1 J 5 wo 1l EW 
83 Fanz, 0 FF 7 13 ent 1037 [Pars Ss oe 
631 Par Mar 5 9 * aris * 1 2 ol 
31 [Pris Ei, 3 912 
932 ba tar * 8 Rom a. 252 g| Towl 
32 bar E 45 Rome . 1 ot 
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Aft. [Eclipſes of the Sun} M. D. [Middle Digits Aft. Eclipfes of the Sun 
Chr. {and Moon ſeen at H. M. jeclipſed|f Chr. [and Moon foen at 
— — , — YN — — 
1118 Naples Nov. 29 15 46 4 11/1216 Acre 
1121 Trier Sept. 27 [16 47 Total 1218 Damietta 
1122 Prague | @ [Mar. 2411 20, 3 491223 Rome 
1124 Erſurd „Feb. 1] 6 43 8 1223 Colmar 
1124 London £3 | Ang. 1023 29 2 5 1228 Naples 
1132 Erſurd L 3] 8 14 Total 1230 Naples 
1133 Prague Feb. 2016 41 3 23 [1230 London 
1135 London Dea. 2220 11 Total 123 Rhemes 
1142 Rome Feb. 11 14 17þ 8 301245 Rhemes 
1143 Rome Feb. 1 36 Total 1248 London 
1147 Auranches Od. 28 [22 38] 7 201255 London 
1149 Bary Mar. 2513 54} 5 291255 Conſtantinople 
1151 |Eimbeck Aug. 2812 4 4 29|| 1258|Augſburgh 
1153 Augſburgh Jan. 26] o 42 —|{1261| Vienna 
1154 Faris @ | June 2616 1 Total || 1a62[Vienna 
1154 [Paris -@ |Dec.21| 8 30 4 421262 Vienna 
1155 Auranche: 6 June 166 8 45þ 53/7263 Vienna 
1150 Rome Aug. 180 7 53] 6 49] 1263 Augſburg 
1161 Rome Aug. 7| 8 15 Total 1263 Vienna 
1162 Erfurd Feb. 1] 6 40 5 56/7265 Vienna 
1162 [Erfurd @ | July 27|12 30| 4 111] 1267|Conſtantinople | 
1163 Mont Caſſin. O July 3| 7 40 2 offiz. Vienna 3 
1164 | Milan @ | June 510 of} Total 1272] Vienna 
1168-|London- { @ [Sept. 1814 o| Total || 1274| Vienna 
1172 |Cologne @ | Jan. 1113 31 Total ||1275|Lauben 
1176 | Auranches © [Aprilzg| 7 2| 8 6/1275 Vienna 
1176 Auranches Od. 19|11 20| 8 531|1277| Vienna 
1178 | Cologne @ | Marchs | ſetting 7 52] 1279|Franckfort 
1178 |Auranches 6 Aug. 29 13 52 5 311280 London 
1178 Cologne Sept. 12 10 5101284 Reggio 
1179 | Cologne Aug. 18] 14 28| Total 1290 Wittem 
1180 Auranches Jan. 28] 4 14/70 3412910 London 
1181 | Auranches W July 13] 3 15 3 48/1302 Conſtantinople 
1181 Auranches * 22 8 58] 4 40 130% Ferrara 
1185 Rhemes May 1] 1 53 o|| 1309|London 
1186 Cologne April 5 6 —| Total 1309 Lucca 
1186 Franckfort &S | April-o| 7 19 4 o 1310 Wittemburg 
1187 Paris Mar. 2516 175] 8 421310 Torcello 
1187 England sept. 321 54] 8 6/1370 Toreello 
1189 England Feb. 210 —| 9 —|| 1312] Wittemburg 
1191 England 16 — 23] © 2011 32||1312|Plaiſance 
1192 [France Nov. 20 14 —| 6 —{| 1313|Torcello 
1193 [France Nov. 10 5 27| Total || 1316|Modena 
1194 London /\ Aprilzz| 2 15 6 4913210 Wittemburg 
1200 London @ | Jan. 217 2 4. 35 || 1323|Florence 
1201 London June 1715 4 Total 1324 Florence 
1204 England April 5 12 39 Total. 1324] Wittemburg 
1204 | Saltzburg OA. 100 6 32 Total: || 1327 | Conſtantinople 
1207 | Rhemes Feb. 27|10 50/10 20]| 1328] Conſtantinople 
1208 |Rhemes Feb. 2| 5 10 Total || 1330|Florence 
1211 | Vienna Nov. 2113 57 Total 1330 Conſtantinople 
1215 Cologne Mar. 1615 35 Total 1330 Prague 
1216 Acre 60 Feb. 18 21 15111 361} 1331 Prague 

Z 2 
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Fat Eclipſes of the Sun I —\ [Middle] Digits Aft. Eclipſes of the Sun Middle } Digits 
Chr. | and Moon ſcen at M. K P. Ii. M. eclipſed Chr. | and Moon ſeen at M.&D. H. M. eclipſed 
11331 [Prague @ | Dec 1418 —j11 — 1421 Forli @ [Feb. 1718 2 Total | 
1333] Wittemburg || May 14| 3 — 10 18/1422 Forli Feb. 6] 8 26611 71 
1334 | Ceſena Apr. 1910 33] Total ||1424| Wittemburg June 26| 3 -57]11 20 
1341 | Conſtantinople | @ | Nov 23|12 23 Total 1431 Forli £ Feb. 12 2 41 39 
1341 Conſtantinople Dec. 822 15 6 301433] Wittemburg June 17| 5 : —| Total 
1342 [Conſtantinople | @ | May 20[14 27 Total 1438 Wittemburg Sept. 1820 59% 8 7 
1344 [Alexandria GO. 6018 40] 8 551442 Rome Dec. 173 -56] Total | 
1349 Wittemburg | @ | June 3012 20 Total 1448 Tubing £3 Aug. 2822 : 23] 8 53 
1354 [Wittemburg © Sept. 1620 45] 8 43][1450| Conſtantinople | @ [July 244 7 19] Total | 
1356 [Florence Feb. 1611 43 Total 1457] Vienna Sept. 311 17 Total 
1361 Conſtantinople [O May 4/22 15 8 54/7450 Auſtria @ [July 37 31] 5 23 
1367 [In China Jan. 16|'8 27 Total 1460 Auſtria & [July 17117 32111 
1389 Eugibin Nov. 317 5 Total 1460 Vienna * 2713 3of Total 
1396 [Augſburg lan. 11] o 16] 6 22[[1461| Vienna June 22|11 50 Total 
1396 [Augſburg 0 June 2111 10 Total 1461 Rome Dec. 17 —— | Total 
1399 Forli £©| OR. 29] o 43] 9 — 1462 Viterbo June 1115 —| 7 38 
1406 | Conſtantinople | @ | June 113 — 10 311452 Viterbo Nov. 210 ' 10] 2 6 
1406 | Conſtantinople | & | June 15 [18 111 38[[1464|Padua Apr. 21012 43] Total 
1408 | Forli | Oct. 1821 47] 9 321465 Rome £3 |Sept.20| 5 15] 8 46 
1409 | Conſtantingple | | Apr. 15 3 1110 _ 1465 Rome OA. 4] 5 12] Total 
1410| Vienna © | Mar. 2013 13 To 1469 |Rome Jan. 277 9 Total 
| 1415 | Wittemburg ] Jane 6] 6 43 Total 1485 Norimburg Mar. 16] 3 53111 — 

| 1419 Franckfort Mar. 25 22 5| 1 45 1 * | 16] 


—— 


The followin ECLIPSES are all taken from RiccioLvs, except thoſe marked 
with an Aſteriſk, which are from L' Art de verifier les Dates. 


* 


Middle | Digits- || Aft, Middle Digits Aft. Middle Digits 

d. D. H. NI. fectipſed|| Ch., di. & P. Fl. M.Jectipied || Chr. N. & P. ff. I. eclipfed 
Feb. 18 5 41 Total 1495 [Mar. 1016 — * 1806 [Feb. 718 — “ 
Mar. 517 43 t  of[1495 Aug. 1917 —| * 1506|$3| July 20 3 11] 2 of 
Feb. 7|15 49 Total 14960 Jan. 29|14 —| * 1506] Aug. 31h —| * |} 
[July 200 2 6] 7 of[1497]@|[ fan. '18] 6 38] Total 150% lan. 1219 — . 
Jan. 28] 6 —| “. 1497|© — 29] 3 23 oſſ1508|85 Jan. —ä41— | 

uly 817 30 4 1499 June 2217 —| *- [iso May 290 % —- *_., 

ec. 7|17 41 Total 1499 Aug. 2318 — * 1508 [June 1217 40 Total 

| May 19 | Noon | * 14990 Nov. 171io — *. 1509] June 211 117 o 
June 210 6 Total ioo Mar. 27] In the Night Iro Nov. 1122 — * | 
Nov.26|18 25 Total ||1500|@| Apr. 11 At] Noon [|1510}@]O&. 169 —| * |, | 

May 8 2 19], 9 of|1500[@{Oft. 514 2jlo offi511}@|[Oct. 6|11 Fol Total 
Mor: 12 18 —| * [ioo May 27 49 Total [|1512|@[Sept.25| 3 56 Total. | 
Apr. 26] 7 —| * Io z sSept. 3019 45/10 Oi is Mar. 7| 0 30 6. of 
OR. 2023 —| * 15021@| Ot. 15/12 20] 2 „I1513[& aug. 3] —].* | 
April 114 of Total 150 3e Mar. 12] 9 —| * 1515|@| Jan. 29|15 18 Total | 
1493 | OR. 10] 2 4o] 8 of[1503]© —_ 19]22 —| * JI15 16% Jan. 19] 6, of Total | 
1494 | Mar. 7| 4 12 ooo Feb. 2913 36 Total 1516 [July 13]11 37] Total 
1494 U Mar. 2114 38 Total 1504] Mar. 16 3 — *. J1516 2 Dec. 23] 3 4713 0 
1494 |@| Sept. 14 19 47 Total 1505] 0 Aug. 14] 8 18 Total 1527 6 June 18 16 e 
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Middle | Digits | Aft. „ Middle] Digits Aft | Middle | Digits 
H. M. 00 [| Che. | ND H. 1. edipfed [| Chr. . K P H. M eclipſed 
— woo — | — — — 
Magel.| 9 24 1613 [| Apr. 20| Magel] lanica 1626 [ty] Aug.21] In {Mexico 
17 a1] T 16130 May 4| o 35 Total [| 1627 lan. 30j11 36/0 21] 
4 31 18||1613 0 May 19| Eaſt} Tartary 1627 Feb. 15 Magal flanica 
| 1613 || OR, 13| South] Amer. 1627 [Uh 27] 9 4 Total | 
* 11 48|[1613|{@]OQ. 28] 4 19} Total | +627 Aug. 11 Tenduehio o 
400 2 5801614 April 8 N. Gul. 8 441628 % Jan. 6fTenduc 4 40 
39|| 1614 |@]Apr. 2317 36 5 251628] Jan. 2010 11 Total 


11598 [Aug. 31 
15990 Feb. 10 
- 1159910 July 45 


1600 2 10] 5 
Ethiop. 40 || 1614 [£3] OR. 0 57 21628 fx] July C Good Hope 
16010 6 18 52 i614 Oc. 17 58 : 56111623] @ Shan 11 26 Total |. 
16010 China | 4 291615 [Mar. 29 Goa 10 381628 [Dec. 25 In land |} 
1601 |@ a 7 610 531615 Sept. 22 Salom | Ile 16290 lan. gf 1 36 4 27 
1601 [ Dec. 24| 2 46] 9 52/6156 % Mar. 3| 1 58 Total 1629 [June 21 Ganges 11 25 
16032 O May 21 Greenl.| 2 411616 %% Mar. 17 [Mexico] 6 47 1629 Dec. 14] Peru [10 14 
116020 18] Total 1616 Aug. 2615 33] Tot 1630 f@| May 2517 566 6 o 
1602 Gra. 5 4316160 Sept. 10 Nagel 10 33 [1630 [Jane 10] 7 49 8 
1602 Nov. 13 Magel. — [| 1617 |{|Feb. 5 Magel|lanica 1630 [Nov. 19011 24/9 27 
10 2| Total ||1617|@|Feb. 20 1 49 Total || 1630[|Dec. 3|N. Gui. 10 10 


1602 |@| Nov. 28 


China j11 21/1617 [| Mar. 6]22 —| , 11631 [| Apr. 30 Antar. [Circle | 
11 41] 7 59[|1617|| Aug. 1 |Biarmia 1631 |@| May 15 8 15 Total 
3 Rom. I. III 1716170 Aug.16| 8 22] Total [| 1631 [Oct. 24 C Good | Hope 
7 31].3 26/1618 Jan. 26| Mage! lanica [1631] Nov. 8|/12 o Total 
Arabia 2 32161880 Feb. 9 * 29] 2 571632 [Apr. 19 C Good Hope 
| 4911 1618|6| July 21 [Mexico | — — [| 1632[@[May 4] 1 24] 6 35 

\2 19111 49][1619]} Jan. 8 California 1632 [Oct. 13 Mexico] 8 37 
Madag. 1619 June 26012 40] 3 roſ|16324@] OR. 27% 235 310 
4 27] 9 2601619 July 110 Africa 11 391633 April 8 M 1444 30 
2 32 0 2416190 Dec. 20 15 53/0 47/1633 [OOG. 3 Maldiv. Total | 
Mexico o]| 1620|83| May 31 | Arctic] Circle || 1634 |@} Mar. 1449 35/1 18] 
11 17 Total 16200 June 14|13 47 Total || 1634 [43] Mar. 28 | : 29) 
| Magel.| 6 401620 June 2g|Magel.| 7 20 1634 |@| Sept. 7] 5 o Total | 
Magel.| 6 4016200 Dec. g| 6 39, Total 1634 Sept. 22 C. G. H. 541 
tl 1620 [63] Dec. 23 Magel|lanica || 1635 [Feb. 17 | Antar, [Circle | 

48] r' 13|{1621 || May 20 1635 10 Mar. 3 26 Total 
36] 1 2276210 June 3 1635 [| Mar. 18 [Mexico o 16 
40] 4 9711621 || Nov.1 3 1635 [©] Aug. 12 Iceland 0 
5 | at the Antipo.] 16210 Nov. a8 1635 J Aug. 2716 4 Je | 
o 30 1 531622 1636 [ Feb. 6] In | Peru |. 
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1689 April 4 4 42 Total 1 — 

16890 [Sept. 28015 46 Total 1694 J. 

1690 Mar. 10] —— — 4] 

1690 Mar. 2411 14] 5 4316940 ſu 
esel Sept, 3 ——|———|| $951 
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The Eclipſes from 9.9 — gel. Mole from Ricciotys at 
by lated : tlie following from L Art de verifier, Jes Dates, ate only thoſe which 
are viſible in Europe for the preſent century: 15 which are total are marked 
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| Aft. Months Time of Afi are Time of || ,- Mn [Tins of 3! 1 
| Chr. and | theDay Chr.] and | the) Day Chr. zand the Day FIT 
| 3 "| | Days. or Night.| * Days. or Night. *+-- | Days. or Night. | 
; T Raney r og AE. htc; Ee Pa ann — An en F 
| 1701 | @ | Feb. 22[11 4. 1715||May 3] 9 M. 2.732% Dec. 1 10 A. T, 
| 1703] @ — 31 7 M. 1715| @|[Nov.11| 5 M. 1733][ © [May13] 7 A. 
| 1703] @ June 29 1 M. T.f|[1717| @ [Mar,27] 3 M. 1733] @ [May 28 7 A. 
| 1703 | Dec. 23] 7 M. T.[|1717| @ [May zo] 6 A. 735] Od. 2 i M. 
1704| @|Dec.11]'7 M. | [|r718] @ Sept. 9] 8 A T.[| 1736] @ [Mar. 2612 A. T. 
1700 Apr. 28] 2 M. 719 Aug. 29 9 A. 736 @-[Sept 20 3 M. 7. 
1706 May rz [10 M. 1721] @| Jan. 13] 3 A. 1736 $]OR. 4 6 A. 
E700 1706 Od. 217 A. 7220 June 29 3 M. 17374 [Mar. 1] 4 A. 
'J17071@|Apr.17]'2 M. 7.7722 & Dec. 8] 3 A. 1737 [0 Sept. 9} 4 M. 
1708 April 5 6 M. 1722] @ Dec. 22] 4 A. 1738] © [Aug 15 [iI M. 
| 1708 [W | Dec. 14] 8 M. 172440 May 22 7 A. 7.739100 | Jan. 2411 A. 
| 1708] Sept. 29 9 A. 11724] @ [Nov. 1] 4 M. 173910 Aug. 4] 5 A. £4 
709 M ii 2 A. TJj1725{ @ | OR: 21: 7 A, 11539] © [Dec. 30 9 M. 
710] @|Feb.'i [71A 411726] © n 6 A. 7400 Jan. 1311 A. T. f 
710|{ Feb. 2 By. A. 1172610 5 M. ien. 1]12 aA. 0 
71118 fy 1518 A. [1727] Nb. M. — Nov. 2 3 M. 7. 
17110 Jah 29 6 A. 7.7290 F 9 A. T.1|17444 Aug. 26% A. 
11712 an. 23] 8 A. 7290 Aug. ; 1 M. 1746] @ Aug. 30 [12 A. 
71310 _ 8] 6 A. 1730] @ | Feb. 4 M. 1747] @ Feb. 14] 5 M. 7. 
| | 1713] @ | Dec. 2 4 M. 17310 Jane 20 2 M. 1748 © [July — 11 M. [ 
bs — — nn nmr nent — Aft 


Viſible ECLIPSES from 1700 to 1800. 210196 
TT T "= 7 


I |] Months Tim: of TMoaths TD ot. | 

Aft. and | the Day | Aft. 5 and - | the Day I Aft. and | the Day 

Chr. Days. | or Night. || Chr. Days. or Night. II Chr: | Days. | or Night. 
pon Sr 1 1 Derr ES! r 

17480 Aug. 812 A. 1765 Aug. 16] 5 A. sz Apr. 12] % A. 

7. Dec. 23] 8 A. [11766] @ Feb. 200 7 A. 1783 — Mar. 18 9 A. 7. 
1750 Jan. 8] 9g M. 1766 Aug. 5 7 A. II2783 Sept 10011 A. 7. 

1770 June 191 9 A. 7 17680 Jan. 4] 5 M. | 1784. 1/@ | Mar M 
7 Dec. 13] 7 M. 77686 _ 30] 4 M. 7.111785 | eb 5d A. 5 

175110 _ 9] 2 M. 1768] Dec. 23] 4 A 7. 787 [o lan. 312 A. 7. 

1751] @ Dec. 210 A. 1769 | $8 ** 4] 8 M. 1787] lan. 19 10 M. 

17520 May 13] 8 A. 17690 Dec. 13] 7 M. 7787 [June 175 5 A. 

175310 Apr. 17] 7 A. /o Nov. 1710 M. 787 [Dec. 24] 3 A. 

175318 2 2610 — 11771] @ Apr:28] Au -. 111788] $5 _ 4 9 M. 

I @ |Mar.28] 1 M. J}|1771] @|O&. 23] 5 A. II7789 10% Nov. 2 [12 A. 

* Feb. 4] 6 M. 199k Od. 11 8 A. 2 1558 Apr. 28 [2 A. T. 

72: | lar Sk OR. 26010 M. | 

178 80h. 2407 M 7.101220 [Mar2s| e 

17 Dec. zo] 7 M. . Sept. 30 „ A. 1791 | @ | OR. 12 3 M. 

175910 Een 7 A. Mar. 120 10 M. 79 z Sept. 1611 M. 

17590 Dec. 19] 2 A. 1770|@| July 31]. 1:M. Z. 1730 Feb. 25 [10 A. 

7% S — 29 717 177618 la 4 > | 1793 E 1 5 3/A. 

1760|{3| June 13] 7 M. 1777 | £3] Jan. KI - 1117941] Jan. 31] 4 A. 

. S cf. 9 A. . June 24] 4 A. 1 © | Feb. - R.4 &- 4: 

176 8 % 8 4M 17 3 l 36 5 M. 7-110 Sire 31 . 

1 2 © 0 : © . 
1562 8 Od. 15] 8 M. 17790 June 14] 8 M. 1795 | {July 18 9 M. 
17621 Nov. 1 8 A. 1779] @ Nov. 231 8 A. 1795 July 31 8 A. 

176310 Apr. 13 na 17808 — 27] * | 1797 | $3 ' oy 25 - A. 

6 Apr. 110 M. 1780 ov. 12 K M. 797 ec. M. 

1 = 16 1 M. 1781 8 Apr. 23 þ 3001 1798 3 Nan 27 7 A. 7. 

17650 [Mar. 21] 2 A. 178¹ © net] 8 M. | 1800] @ 2711 A. 


328. A Lift Eclipſes, and hiſtorical Events, which happened obo the 
ſame Times, Fun. Rierours, 1 


1 . 
k ” — - 4 5+» * 


Before Cs. 
754|Fuly 5 But MORIN hn ad Cltendar this Eclipſe of 
the Sun was on the 21ſt of April, on which day the 
Foundations of Rome were laid if we may belieye 
Taruntius Firmanus. 
721 | March 19 A total Eclipſe of the Moon. The Afyrian 
Empire at an end; the Babyloman eſtabliſhed. 
585 May 28| An Eclipſe of the Sun foretold by TeALLs; by yigoricat” 

| which a peace was brojgnt about RR: the n 

| I Medes and 2 e | 
523 | July 16| An Eclipſe of the Moon, ' wh was followed 
| © by the death of CamByses. 


A a Before 


= IN 


178 of — 
Before CHRIST,  - 
_ 5o2 Neu. 19 An Eclipſe of the Moon, which was followed 
| _  |by the ſlaughter of the Sabines, and Geet of 
| ' , [Yalerius Publica, 
403 | April 30] An Eclipſe of the Sun. The Perfan war, and 
| | ©», I|the falling off of the Perfians from the Egyprians, 
111%! An Eclipſe of the Moon, which was followed 
431 | April aß by a great famine at Rome; and the beginning of 
| the eloponne/ian war. 
431 Auguſt 3] A total Eclipſe of the Sun. A Comet and Plague 
413 | Aug. 27 A total Eclpſe of the Moon. Nicias with his 
— | ++  |ſhip deftroyed at Syracuſe. | 
394 | Aug, 14] An Eclipſe of the Sun. The Perfians beat by 
| \ [Conn in a ſea engagement. 
168 June 21] A total Eclipſe of the Moon. The next day 
+: £6 Perſeus King of Ae Was Ae by 
| Paulus Emilius. 
After CHRIST. nd bs 
o April 3o| An Eclipſe of the Sun. This is reckoned among 
che prodigies, | on account of the murther of ot 
we . |} pinus'by Nero. 
237 April 12) A total Eclipfe of the sun. A fign that the reign 
of the Cardiani would not continue long. A ſixth. 
| perſecution of the Chriſtians. 
306 h 2 An Ediple of the Sun. The Stars were ſeen, 
and the Emperor Conflentius died. 
840 | May 4 | A dreadful Eclipſe of the Sun. And. Lewis the 
1 Pious died within ſix months after it. 
1009] An Eclipſe of the Sun. And Jeruſalem taken by 
, Wen: © 
1133] fug. 2 A terrible Eclipſe of the Sun. The Stars were 
I en. A ſchiſm in the church, occaſioned by —_ 
FJ 2” Thang three Popes at once. 
The ſuperſi - 329. I have not cited one half of RiccioLvs's liſt of potentous 
— Eclipſes; and for the ſame reaſon that he declines givin g any more 


with regard of them than what that liſt contains: namely, that tis moſt diſa- 


to Eclipſes. 


9 This Eclipſe happened in the firſt year of the Peloponneſian war. 
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greeable to dwell any longer on ſuch nonſenſe; and as much as poſſi- PLATEXE 
ble to avoid tiring the reader: the! ſuperſtition, of the antients may be 

ſeen. by the few here, copied. My author farther ſays, that there 

were treatiſes written to ſhew againſt what regions the malevolent 


effects of any particular Eclipſe was aimed: and the writers affirmed; 


that the effects of an Eclipſe of the Sun continued as many years as the 
Eclipſe laſted hours; and that of the Moon as many months,. 
330. Vet ſueh idle notions :3yere:; once; of no ſmall advantage to Very forty; | 
CHRISTOPHER CoLuuBus; Who, in the year 1493, vas diven —.— for 
the iſland of Jamaica, where he was in the gredteft; diſtreſs for watit uns 
of proviſions, and was moreover refuſed any affiſtance-from the inhabi - Cor uus. 
tants; on which he threatened them with a plague, and ithat in token 
of it there ſhould be an Eclipſe: which accordinglyifell on the day he 
had foretold, and ſo terrified the Barbarians, at they ſtr Ove -who a 
ſhould be firſt in bringing him all ſorts of proviſions; throwing them 
at his feet, and imploring his forgiveneſs. Nie abends 1 
Vah I. i hM c. ji. 2 21900 ati A8 21 Gi chi on eng 
331. Eclipſes of the Sun are more frequent than of the Moon, Why there are 
becauſe the Sun's ecliptic limits are greater than the Mons, $. 31% fai _ | 
yet we have more viſible Eclipſes of the Moon than of the Sun, Moon than of 
becauſe Eclipfes of the Moon are ſeen from all parts of that Hemi dhe Sun. 
ſphere} of the Earth which is next her, and equally great to each of 

eſe parts; but the Sun's Eelipſes are viſible only to that ſmall portion 
of the Hemiſphere next him whereon the Modn's ſhadow falls; | as 
ſhall be explained by and by at large. 10 910 id 1% nol ei Sr oh 

332. The Moon's Orbit being elliptical, and the Earth in one of its 


* 


| focuſes, ſhe is once at her leaſt diſtance from the Earth, and once at 


her greateſt in every Lunation. When the Moon changes at her Fig. I. 
leaſt diſtance from the Earth, and ſo neat the Node that her dax 
ſhadow falls on the Earth, ſhe appears big enough to cover the whole Total and an- 
* Diſc of the Sun from that part on which her ſhadow falls; and the de nc 
Sun appears totally eclipſed there, as at A, for ſome minutes: But . 
when the Moon changes at her greateſt diſtance from the Earth, and 


ſo near the Node that her dark ſhadow is directed towards the Earth, 


her diameter ſubtends a leſs angle than the Sun's; and therefore ſhe 
cannot hide his whole Diſc from any part of the Earth, nor does her 
ſhadow reach it at that time; and to the place over which the point of 


* Although the Sun and Moon are ſpherical bodies, as ſeen from the Earth they 
appear to be circular planes, and ſo would the Earth if it were feen from the Moon. 
The apparently flat ſurfaces of the Sun and Moon are called their Diſks by Aſtro- 
nomers, Ng | %% 903-29 4.191 raul 1! 1 


A a 2 her 


180 Of Eclipfes. 
PLATE xl. her ſhadow hangs, the Eclipſe is annualar as at B; the Sun's edge 
: appearing like a luminous ring all around the body of the Moon. 
When' the Change happens within 17 degrees of the Node, and the 
Moon at her mean diſtance from the Earth, the point of her ſhadow 
juſt touches the Earth, and ſhe eclipſeth the Sun totally to that ſmall 
fpot-whereon her ſhadow falls; but the darkneſs is not of a moment's 
Continugnes9to vim 5 0 0 | 2 

The longeſt 333. The Moon's apparent diameter when largeſt exceeds the Sun's 
— 4 ., when leaſt only. 1 minute 38 ſeconds of a degree: And in the greateſt 
of the Sur. Eclipſe of the Sun that can happen at any time and place, the total 
| - darkneſs continues no longer than whilſt the Moon is going 1 minute 
38 ſeconds from the Sun in her Orbit; which is about 3 minutes and 

13 ſeconds of an hu. | Dir 
To how much 334. The Moon's dark ſhadow covers only a ſpot on the Earth's 
of the Earth ſurface, about 180 Engliſi miles broad, when the Moon's diameter 
— a appears largeſt and the Sun's leaſt; and the total darkneſs can extend 
pry no farther than the dark ſhadow covers. Yet the Moon's partial Sha- 
5 at dow or Penumbra may then cover a circular ſpace 4900 miles in dia- 
1 K meter, within all which the Sun is more or leſs eclipſed as the places are 
leſs or more diſtant from the Center of the Penumbra. When the 
Moon changes exactly in the Node, the Penumbra is circular on the 
Earth at the middle of the general Eclipſe ; becauſe at that time it 
falls perpendicularly on the Earth's ſurface : But at every other moment 
it falls obliquely, and will therefore be elliptical ; and the more fo, as 
the time is longer before or after the middle of the general Eclipſe ; 
and then, much greater portions of the Earth's ſurface are involved in 


the Penumbratii!.! 57 757 510. 
Duration of 335. When the Penumbra firſt touches the Earth the general 
general and Eelipſe begins: when it leaves the Earth the general Eclipſe ends: 
þclipſes. from the -— moms. 1 ue end the Sun appears eclipſed in ſome part 
of the Earth or other. When the Penumbra touches any place the 
Eclipſe begins at that place, and ends when the Penumbra leaves it. 
When the Moon changes in the Node, the Penumbra goes over the 
center of the Earth's Diſc as ſeen from the Moon; and conſequently, 
by deſcribing the longeſt line poſſible on the Earth, continues the 
longeſt upon it; namely, at a mean rate, 5 hours 50 minutes: more, 
if the Moon' be at her greateſt diſtance from the Earth, becauſe ſhe 
then moves ſloweſt ; leſs, if ſhe be at her leaſt diſtance, becauſe of 
her quicker motion. 
336. To make the laſt five articles and ſeveral other Phenomena 
Tig. IL plainer, let & be the Sun, E the Earth, M the Moon, and AMP the 
my 1 * Moon's 


— 
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Moon's Orbit. Draw the right line Vc 12 from the weſtern edge of 
the Sun at V, touching the weſtern edge of the Moon at c and the — 
Earth at 12: draw alſo the right line Yd 12 from the eaſtern edge of | 
the Sun at V, touching the eaſtern edge of the Moon at d and the The Moon's 
Earth at 12: the dark ſpace ce 12 d included between thoſe lines is 4 fadow. 
the Moon's ſhadow, ending in a point at 12 where it touches the 
Earth; becauſe in this caſe the Moon is ſuppoſed to change at M in 
the middle between 4 the Apogee, or fartheſt point of her Orbit from 
the Earth, and P the Perigee, or neareſt point to it. For, had the 
point P been at M, the Moon had been nearer the Earth; and her 
dark ſhadow at e would have covered a ſpace upon it about 180 miles 
broad, and the Sun would have been totally darkened as at 4 (Fig I) 
with ſome continuance : but had the point A (Fig. II) been at M. 
the Moon would have been farther from the Earth, and her ſhadow 
would have ended in a point about e, and therefore the Sun would 
have appeared as at B (Fig. I) like a luminous ring all around the 
Moon. Draw the right lines WX4þ and YXcg, touching the con- 
trary ſides of the Sun and Moon, and ending on the Earth at a 
and 5: draw alſo the right line SXM 12, from the center of the And Penum- 
Sun's Diſc, through the Moon's center, to the Earth at 12; and 2 
ſuppoſe the two — lines YXd4b and YNXcg to revolve on the line 
SAM 12 as an Axis, and their points @ and & will deſcribe the limits 
of the Penumbra JT on the Earth's ſurface, including the large 
ſpace aob124; within which the Sun appears more or leſs eclipſed 
- the _ are more or leſs diſtant from the verge of the. Penum- 
ra a06. | | 
Draw the right line y 12 acroſs the Sun's Diſc, and parallel to Digits, what. 
the plane of the Moon's Orbit; divide this line into twelve equal 
parts, as in the Figure, for the twelve * Digits of the Sun's diameter: 
and at equal diſtances from the center of the Penumbra TI to its 
edge on the Earth, or from 12 to o, draw twelve concentric Circles, 
as marked with the numeral Figures 1 2 3 4 &c. and remember that 
the Moon's motion in her Orbit AMP is from weſt to eaſt, as from 
Sto t. Then, 48 
To an obſerver on the Eatth at 5, the eaſtern limb of the Moon at The — 
d ſeems to touch the weſtern limb of the Sun at V, when the Moon Ei Beipte. 
is at M; and the Sun's Eclipſe begins at 5; appearing as at A in 
Fig. III at the left hand; but at the ſame moment of abſolute time 
to an obſerver at ain: Fig IL the weſtern edge? of the Moon at c leaves 


* A Digit is a twelfth -part of the diameter of the Sun and Moon. 
\ the 
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the eaſtern edge of the Sun at Y, and the Eclipſt ends, as at the 
right hand Cof Fig. III. At the very fame inſtant, to all thoſe who 


live on the Circle marked 1 on the Earth E in Fig. II, the Moon M 


Fig. III. 


Fig. II. 


The Velocity 
of the Moon's 
ſhadow on the 
Earth. 


Fig. IV. 


cuts off or darkens a twelfth part of the Sun S, and eclipſes him one 
Digit, as at 1 in Fig. III: to thoſe who live on the Circle marked 2 in 
Fig. II the Moon cuts off two twelfth parts of the Sun, as at 2 in 
Fig. III: to thoſe on the Circle 3, three parts; and fo on to the cen- 
ter at 12 in Fig. II, where the Sun is centrally eclipſed as at B in the 
middle of Fig. III: under which Figure there is a ſcale of hours and 
minutes, to ew at a mean ſtate how long it is from the beginning to 
the end of à central Eclipſe of the Sun on the parallel of London; and 
how many Digits are eclipſed at any particular time from the begin- 
ning at A to the middle at B, or the end at C. Thus in 16 minutes 
from the beginning, the Sun is two Digits eclipſed'; in an hour and 
five minutes, 8 Digits; and in an hour and thirty-ſeven minutes, 12 
Digits. „ | | KOO 2 
337 By Fig. II it is plain, that the Sun is totally or: centrally 
eclipſed” but to a ſtall part of the Earth at any time; becauſe the dark 
conical ſhadow 2 of the Moon M falls but on a ſmall part of the Eatth : 


and that the partial Eclipſe is confined at that time to the ſpace included 


by the Circle @ 0 5, of which only one half can be projected in the 

igure, the other half being ſuppoſed to be hid by the convexity of the 
Earth E. and likewiſe, that no part of the Sun is eclipſed 4 large 
ſpace Y'Y of the Earth, becauſe the Moon is not between the Sun 
and that part of the Earth : and therefore to all that part the Eclipſe is 
inviſible. The Earth turns eaſtward on its Axis, as from.g to þ, 
which is the ſame way that the Moon's ſhadow moves ; but the Moon's 
motion is much ſwifter in her Orbit from s to f: and therefore, altho' 
Eclipſes of the Sun are of longer duration on account of the Earth's 
motion on its Axis, than they would be if that motion was ſtopt, yet 
in 3 minutes and 13 ſeconds of time, the Moon's ſwifter motion carries 
her dark ſhadow quite over any place that its center touches at the 
time of greateſt obſcuration. 'The motion of the ſhadow on the Earth's 
Diſc is equal to the Moon's motion from the Sun, which is about 304 
minutes of a degree every hour at a mean rate; but ſo much of the 
Moon's Orbit is equal to 30+ degrees of a great Circle on the Earth, 


§ 320; and therefore the Moon's ſhadow goes 304 degtees or 1830 


geographical miles on the Earth in an hour, or 40+ miles in a 
minute, which is almoſt four times as ſwift as the motion of a 
cannon- ball. 


338. As 
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338. As ſeen from the Sun or Moon, the Earth's Axis appears dif- PLATE XI. 
ferently inclined every day of the year, on account of keeping its 
paralleliſm throughout its annnal courſe. Let E, D, O, N, be the Fig. IV. 
Earth at the two Equinoxes and the two Solſtices; N its Axis, N 

the North Pole, $ the South Pole, A & the Equator, T the Tropic 

of Cancer, , the Tropick of Capricorn, and ABC the Circumference Phenomena of 
of the Earth's enlightened Diſc as ſeen from the Sun or New Moon at dee, Ext pri 
theſe times. The Earth's Axis has the poſition NES at the vernal Sun or Now 
Equinox, lying towards the right hand, as ſeen from the Sun or New na 
Moon; its Poles N and & being then in the Circumference of the Diſc; of the — 
and the Equator and all its parallels ſeem to be ſtraight lines, becauſe = 
their planes paſs through the obſerver's eye looking down upon the 

Earth from the Sun or Moon directly over E, where the Ecliptic FG 

interſects the Equator . At the Summer Solſtice, the .Earth's 

Axis has the poſition NDS; and that part of the Ecliptic FG in 

which the Moon is then New, touches the 'Tropic' of Cancer T at D. 

The North Pole N at that time inclining 23+ degrees towards the Sun, 

falls ſo many degrees within the Earth's enlightened Diſc, becauſe 

the Sun is then vertical to D, 234+ degrees north of the Equator ; 

and the Equator with all its parallels ſeem elliptic curves bending 
downward, or towards the South Pole as ſeen from the Sun: which 

Pole, together with 234 degrees all round it, is hid behind the Diſc 

in the dark Hemiſphere of the Earth. At the autumnal Equinox 

the Earth's Axis has the poſition NOS, lying to the left hand as ſeen 

from the Sun or New Moon, which are then vertical to O, where the 

Ecliptic cuts the Equator A, Both Poles now lie in the circumfer- 

ence of the Diſc, the North Pole juſt going to diſappear: behind it, 

and the South Pole juſt entering into it; and the Equator with all its 

parallels ſeem to be ſtraight lines, 'begauſe their planes paſs through 

the obſerver's eye, as ſeen from the Sun, and very nearly ſo as ſeen 

from the Moon. At the Winter Solſtice the Earth's Axis has the 

poſition NVS; when its South Pole & inclining 23+ degrees toward the 

Sun falls 234 degrees within the enlightened Diſc, as ſeen from the 

Sun or New Moen which are then vertical to the Tropic of Capricorn 

f, 231 degrees ſouth of the Equator & and the Equator with all 

its parallels ſeem elliptic curves bending upward ; the North Pole 

being as far hid behind the Diſc in the dark Hemiſphere, as the 

South Pole is come into the light. The nearer that any time of the 

year is to the Equinoxes or Solſtices, the more it partakes of the 
Phenomena relating to them. "430 29000808 Li v 


339. Thus 
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pLATExI. 339. Thus it appears, that from the vernal equinox to the autumnal, 
the North Pole is enlightened ; and the Equator and all its parallels 

Various poſi- appear Semi-ellipſes as ſeen from the Sun, more or leſs curved as the 

—_— > art time is nearer to or farther from the Summer Solftice ; and bending 

as ſeen from downwards or towards the South Pole; the reverſe of which happens 

the Sun at from the autumnal Equinox to the vernal. A little conſideration. * 

— erne will be ſufficient to convince the reader, that the Earth's Axis inclines 
towards the Sun at the Summer Solſtice ; from the Sun at the Winter 
Solſtice ; and ſidewiſe to the Sun at the Equinoxes ; but towards the 
right hand, as ſeen from the Sun at the vernal Equinox; and towards 
the left hand at the autumnal. From the Winter to the Summer 
Solſtice, the Earth's Axis inclines more or leſs to the right hand, as 
ſeen from the Sun; and the contrary from the Summer to the Winter 
Solſtice. h . | | 

How theſe 340. The different poſitions of the Earth's Axis, as ſeen from the 

— bg Sun at different times of the year, affect ſolar Eclipſes greatly with re- 

Eclipſes. gard to particular places; yea ſo far as would make central Eclipſes 
which fall at one time of the year, inviſible if they fell at another, even 
though the Moon ſhould always change in the Nodes and at the fame 
hour of the day: of which indefinitely various affections, we ſhall only 

give Examples for the times of the Equinoxes and Solſtices. 

Fig. IV, In the ' fame Diagram, let FG be part of the Ecliptic, and IX 
it 1k ił part of the Moon's Orbit; both ſeen edgewiſe, and therefore 
projected into right lines; and let the interſections N, O, D, E be 
one and the ſame Node at the above times, when the Earth has the 
forementioned different poſitions; and let the fpaces included by the 
Circles P, p, p, p be the Penumbra at theſe times, as its center is 
paſſing over the center of the Earth's Diſc. At the Winter Solſtice, 
when'the Earth's Axis has the poſition NN'S, the center of the Pe- 
numbra P touches the Tropic of Capricorn ? in N at the middle 
of the general Eclipſe ; but no part of the Penumbra touches the 
Tropic of Cancer T. At the Summer Solſtice, when the Earth's Axis 
has the poſition NDS (7D# being then part of the Moon's Orbit 
whoſe Node is at D) the Penumbra p has its center on the Tropic 
of Cancer T at the middle of the general Eclipſe, and then no part 
of it touches the Tropic of Capricorn 7. At the autumnal Equinox 
the Earth's Axis has the poſition NOS (7O# being then part of the 
Moon's Orbit) and the Penumbra equally includes part of both Tro- 
pics T and 7 at the middle of the general Eclipſe : at the vernal Equi- 
nox it does the ſame, becauſe the Earth's Axis has the poſition NES : 
But, in the former of theſe two laſt cafes, the Penumbra enters the 
| Earth 
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Earth at A. north of the Tropic of Cancer 7, and leaves it at , 
ſouth of the Tropic of Capricorn ?; having gone over the Earth obliquely 
ſouthward, as its center deſcribed the line AOm : whereas in the latter 
caſe the Penumbra touches the Earth at , ſouth of the Equator 
Land deſcribing the line »Egq (ſimilar to the former line AOm in 
open ſpace) goes obliquely northward over the Earth, and leaves it at 


9, north of the Equator. 
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In all theſe circumſtances, the Moon has been ſuppoſed to change 


at noon in her deſcending Node: had ſhe changed in her aſcending 
Node, the Phenomena would have been as various the contrary way, 
with reſpect to the Penumbra's going northward or ſouthward over the 
Earth. But becauſe the Moon changes at all hours, as often in one 
Node as the other, and at all diſtances from them both at different 
times as it happens, the variety of the Phaſes of Eclipſes are almoſt 
innumerable, even at the ſame places, conſidering alſo how variouſly 


the ſame places are ſituated on the enlightened Diſc of the Earth, with 


reſpect to the Penumbra's motion, at the different hours that Eclipſes 


By 


happen. 5 W 
341. When the Moon changes 17 degrees ſhort of her deſcending 


Diſc, near the North Pole N; and, as ſeen from that place the Moon 
appears to touch the Sun, but hides no part of him from fight, 
Had the Change been as far ſhort of the aſcending Node, the 
Penumbra would have touched the ſouthern part of the Diſc near 
the South Pole S. When the Moon changes 12 degrees ſhort of 
the deſcending Node, more than a third part of the Penumbra P12 
falls on the northern parts of the Earth at the middle of the general 
Eclipſe : had ſhe changed as far paſt the ſame Node, as much of 
the other fide of the Penumbra about P would have fallen on the 
ſouthern part of the Earth; all the reſt in the expanſum, or open 
ſpace. When the Moon changes 6 degrees from the Node, almoſt 
to whole Penumbra, P6 falls on the Earth at the middle of the 
general Eclipſe. And laſtly, when the Moon changes in the Node, 
the Penumbra PN takes the longeſt courſe poſſible on the Earth's 
Diſc; its center falling on the middle thereof, at the middle of the 
general. Eclipſe. . The. farther the Moon changes from either Node 
within 17 degrees of it, the ſhorter is the Penumbra's continuance on 
the Earth, becauſe it goes over a leſs portion of the Diſc, as is evident 
by the Figure. | 

42. The nearer that the Penumbra's center is to the Equator at 


the middle of the general Eclipſe, the longer is the duration of the 
B b Eclipſe 


How much of 
the Penumbra 


Node, the Penumbra P 18 juſt touches the northern part of the Earth's - 


alls on the 

Earth at dif- 
ferent di- 
ſtances from 


the Nodes, 
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The Farth's Eclipſe at all thoſe places where it is central; becauſe, the nearer 
2 mo- that any place is to the Equator, the greater is the Circle it deſcribes 
w Nen bf by the Earth's motion on its Axis: and ſo, the place moving quicker 
ſolar Eclipſes, keeps longer in the Penumbra whoſe motion is the fame way with that 
wich fall of the place, tho' faſter as has been already mentioned & 337. Thus, 
polar Circles. (ſee the Earth at D and the Penumbra at 12) whilſt the point 5 in 
the polar Circle abcd is carried from & to c by the Earth's diurnal 
motion, the point 4 on the Tropick of Cancer T is carried a much 
greater length from d'to D: and therefore, if the Penumbra's center 
goes one time over c and another time over D, the Penumbra will be 
longer in paſſing over the moving place 4 than it was in paſſing over the 
moving place 6. Conſequently, central Eclipſes about the Poles are of 

the ſhorteſt duration; and about the Equator of the longeſt. 
And ſhortens 343. In the middle of Summer the whole frigid Zone included 
the curztion, by the polar Circle abcd is enlightened; and if it then happens that 
fall withn the Penumbra's center goes over the north Pole, 'the Sun will be 
theſe Circles. eclipſed much the fame number of Digits at @ as at c; but whilſt the 
Penumbra moves eaſtward over c it moves weſtward over a, becauſe 
with reſpect to the Penumbra, the motions of à and c are contrary : 
for c moves the fame way with the Penumbra towards d, but 2 
moves the contrary way towards &; and therefore the Eclipſe will be 
\ of longer duration at c than at a. At à the Eclipfe begins on the Sun's 
eaſtern limb, but at c on his weſtern : at all places Tying without the 
polar Circles, the Sun's Eclipſes begin on his weſtern limb, or near 
it, and end on or near his eaſtern. At thoſe places where the Penumbra 
touches the Earth, the Eclipſe begins with the riſing Sun, on the top 
of his weſtern or uppermoſt edge; and at thoſe places where the Pe- 
numbra leaves the Earth, the Eclipſe ends with the ſetting Sun, 6n the 
top of his eaſtern edge which is then the uppermoſt, juſt at its diſap- 
pearing in the Horizon. Sb 
The Moon 344. If the Moon were furrounded by an Atmoſphere of any con- 
Fr . ſiderable Denſity, it would ſeem to touch the Sun à little before the 
Moon made her appulſe to his edge, and we ſhould ſee a Httle faint- 
neſs on that edge before it were eclipſed by the Moon: But as no ſuch 
faintneſs has been obſerved, at leaſt ſo far as I ever heard, it ſeems 
plain, that the Moon has no ſuch Atmoſphere as that of the Earth. 
The faint ring of light furrounding the Sun in total Eclipſes, called by 
. Cass1Nn1 /a Chevelure du Soleil, fſeems to be the Atmoſphere of the 
Sun; becauſe it has been obſerved to move equally with the Sun, not 

with the Moon. 


345. Having 
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45. Having been ſo prolix concerning Eclipſes of the Sun, we PLATEXI. 


345. 
ſhall drop that ſubject at preſent, and proceed to the doctrine 
of lunar Eclpſes ; which, being more ſimple, may be explained in leſs 
time, | 


That the Moon can never be eclipſed but at the time of her being Eclipſes of 
Full, and the reaſon why ſhe is not eclipſed at every Full, have been che Moon. 


ſhewn already $ 316, 317. Lets be the Sun, E the Earth, RR the 


Earth's ſhadow, and B the Moon in oppoſition to the Sun: in this Fig. II. 


ſituation the Earth intercepts the Sun's light in its way to the Moon ; 
and when the Moon touches the Earth's ſhadow at v ſhe begins to be 
1 55 on her eaſtern limb x, and continues eclipſed until her weſtern 
limb y leaves the ſhadow at ww: at B ſhe is in the middle of the 
ſhadow, and conſequently. in the middle of the Eclipſe. 

346, The Moon when totally eclipſed, is not inviſible if ſhe be 
above the Horizon and the Sky be clear ; but appears generally of a 
duſky colour like tarniſhed copper, which ſome have thought to be 


Why the 


the Moon's native light. But the true cauſe of her being viſible is the ein 4 ba 
ſcattered beams of the Sun, bent into the Earth's ſhadow by ding Eelipſe. 


through the Atmoſphere - Which, being more denſe near the Ear 
than at conſiderable heights above it, refracts or bends the Sun's rays 
more inward F 179, the nearer they are paſſing by the Earth's ſurface, 
than thoſe rays which go through higher parts of the Atmoſphere, 
where it is leſs denſe according to its height, until it be ſo thin or 
rare as to loſe its refractive power. Let the Circle gi, concentric to 
the Earth, include the Atmoſphere whoſe refractive power vaniſhes at 
the hei 7 f and 7; fo that the rays Mie and Ji go on ſtraight 
without ſuffering the leaſt refraction: But all thoſe rays which enter the 
Atmoſphere between / and x, and between i and /, on oppoſite ſides 
of the Earth, are gradually more bent inward as they $9 through a 
reater portion of 7 Atmoſphere, until the rays V and V,, touching the 
Fark at m and u, are bent ſo as to meet at q, a little ſhort of the Moon; 
and therefore the dark ſhadow of the Fark is contained in the ſpace 
mogpn where none of the Sun's rays can enter: all the reſt RR, being 
mixed by the ſcattered rays which are refracted as above, is in ſome 
meaſure enlightened by « ule and ſome of thoſe rays falling on the 


Moon give her the colour of tarniſhed copper, or of iron almoſt red 


hot. So that if the Earth had no Atmoſphere, the Moon would be 
as inviſible in total Eclipſes as ſhe un New. If the Moon pF 
ſo near the Earth as to go into its da k ſhadow, e about po, 
ſhe would be inviſible during her ſtay in it; but viſible before and alter 
in the fainter ſhadow RR. 8 8 | 

B b 2 ' 347. When 
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PLATEXI. 4347. When the Moon goes through the center of the Earth's ſhadow 
Why the dun ſhe is directly oppolite to the Sun: yet the Moon has been often ſeen 
and Moon are . x ; rao ene Ou acts | 
ſometimes vi. totally eclipſed in the Horizon when the Sun was alſo viſible in the 
ible when the oppolite part of it: for, the horizontal refraction being almoſt 34 
_ lde minutes of a degree 181, and the diameter of the Sun and Moon 
ally eclipſed. f ' | 6 | 
being each at a mean ſtate but 32 minutes, the refraction cauſes 
both Luminaries to appear above the Horizon when they are really 


below it 8 179. | . 

Fig. V. 348. When the Moon is Full at 12 degrees from either of her 
Nodes, ſhe juſt touches the Farth's ſhadow but enters not into it. 

GH be the Ecliptic, ef the Moon's Orbit where ſhe is 12 degrees 

from the Node at her Full; cd her Orbit where ſhe is 6 degrees 

from the Node, ab her Orbit where ſhe is Full in the Node, 4B the 
Duration of Earth's ſhadow, and M the Moon. When the Moon deſcribes the line 
Tallpce oe ſhe juſt touches the ſhadow but does not enter into it; when ſhe 
the Moon. deſcribes the line cd ſhe is totally though not centrally immerſed in the 
ſhadow; and when ſhe deſcribes the line ab ſhe paſſes by the Node at 

M in the center of the ſhadow, and takes the longeſt line poſſible, which 

is a diameter, through it: and ſuch an Eclipſe, being both total and cen- 

tral is of the longeſt duration, namely, 3 hours 57 minutes 6 ſeconds 

from the beginning to the end, if the Moon be at her greateſt diſtance 

from the Earth: and 3 hours 37 minutes 26 ſeconds, if ſhe be at her 

leaſt diſtance. The reaſon of this difference is, that when the Moon 

is fartheſt from the Earth ſhe moves ſloweſt; and when neareſt to it, 
quickeſt. We i 5 LS word IHR 

Digits, 349. The Moon's diameter, as well as the Sun's, is ſuppoſed to be 
divided into twelve equal parts called Digits; and fo many of theſe 

parts as are darkened by the Earth's ſhadow, ſo many Dipits is the 

Moon eclipſed. All that the Moon is eclipſed above. 12 Digits, ſhew 

how far the ſhadow of the Earth is over the body of the Moon, on 

that edge to which ſhe is neareſt at the idle of eie. 

| Whythebe- 350. It is difficult to obſerve exactly either the beginning or ending 
 ginning and of a lunar Eclipſe, even with a good Teleſcope; becauſe the Earth's 


end of a lunar 


Eclipſe is ſo ſhadow is fo faint, and ill defined about the edges, that when the Moon 


diflicult to be js either juſt touching or leaving it, the obfcuration of her limb is 


— 1 ſcarce ſenſible; and therefore the niceſt obſervers can hardly be certain 


to four or, five ſeconds of time, But both the beginning and ending 
of ſolar Fclipſes are viſibly inſtantaneous ; for the moment that the 
edge of the Moon's Diſc touches the Sun's, his roundneſs ſeems a little 
broke on that part; and the moment ſhe leaves it he appears perfectly 
round again, rn” nee 

| 2 351. In 


Of Nager, 19% 


351. In Aſtronomy, Eclipſes of the Moon” are of greut uſe for The uſe of 
aſcertaining the periods of Her motions ; " eſpe ally ſuch Eclipſes as e 
are obſerved to ke alike ! in all Gtcumiſlandes And have long intervals of Ge 
time between them. In Geography, the Bengitudes obe 1 
found by Eclipſes, as already fhewn ificthe elevènthł eHapter: but for 
this purpoſe Eclipſes of the Moon are more uſeful than thoſe of the 
Sun, becauſe they are more frequently” "le! and the ſame lunar 
Eclipſe is of equal largeneſs and duration at all places where it is ſeen. 

In Chronology, both ſolar and lunar Helipses K re to determine ex- 
actly the time of any paſt; event : for ME are ſo many. ies 
obſervable in every Eclipſe, with reſpe to its To wes e places 
where it is vifible (if of the Sun) and the time of the day or . 
that 'tis impoſſible there can be two Ecli ſes in the. courſe of many 
ages which are alike in all circumſtaneds/ 00 2007s lt PN 

352. From the above explanation of tlie Gcetkine er Eelip Jes it is The darkneſs 
evident, that the darkhefs at our SAvtouxk's efucifixion Ml „ 
For he ſuffered on the next day after eating his laſt Paſſover- 6xion ſuper- 
Supper, on which day it was impoſſible that the Moon $ ſhadow could natural. 
fall on the, Earth, Br the 7, 7 kept the Paſſover at the time of 
Full Moon: nor does the ne in total Eclipſes ef the! Sun 
laſt four minutes in any place $.3 33 whereas the darkneſs at the 
crucifixion laſted three Hours, Matt. Xxvill, 1 15. anck overſpt kad at leaſt 


<7 the land of 1 11. 992 vill ee 99514 


natural. 
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353 T9 conſiu&: an Bebpte of the. 4 „muſt, collect. theſe NE 
ten Elements or e from. the following. Aſtronohiical 1 
Tables. | aινj,jꝭ U o with. lit ww ©; lo 

I. The true time of conjundtioh of the Stn'and/Moon's to: nor- Requiſites /@# 

at what conjunctions the Sun malt be eclipſed; and to! the NI of a ſolar 

thoſe conjunctions, 1 ; 2M. 207 gor? Uno Nie, 

II. The Moon's Belton Nee or angle” with the kn. 

diameter of the Earth ſubtends as ſeen from tlie Moon- | 

III. The Sun's true place, and diſtarice from the ſolſtitial coluie to 


which he is Wen neareſt, either in coming / toit or going fron ita 
IV. "The 


190 - ae of 


IV. The Sun's declination, 
V. The angle of the Moon's viſible path with the Ecliptic. 
VI. The Moon' s Latitude or Declination from the Ecliptic, 
VU. The Moon's true hourly motion from the Sun. 

Leo 'The Angle of the Sun s ſemi- diameter as ſeen from the 
rth, 

y — The Angle of the Moon's ſemi-diameter as ſeen from the 
X. The formiedienater of the Penumbra. 


And for an Eclipſe of the Moon, the following Elements. 
Reguiſites ſor I. The true time of oppoſition of the Sun and Mogns and for that 


a lunar 


Eclipſe time, 

II. The Moon's horizontal parallax. 
III. The Sun's ſemi-diameter, 

IV. The ſemi- diameter of the Earth's ſhadow. 
V. The Moon's ſemi-diameter, 

VI. The Moon's Latitude. 
VII. The Moon's true hourly motion from the Sun. 

1 VII The Angle of the Moon's viſible path with the Ecliptic. 


| Theſe Elements are eaſily found from the n Tables and 
Precepts, by the common Rules of Arithmetic. 


Note, 60 minutes make a Degree, 3o degrees a Sign, and 12 Signs 
a Circle. A Sign is marked thus, a Degree thus, and a Minute 
thus. 

When you exceed 12 2 Signs, always reject them ny ſet down the 
remainder. When the number of Signs to be ſubtracted is greater 
than the number you ſubtract from, add 12 Signs to that which you 
ſubtract from; and then you will have a remainder to ſet down. 

How the 354 As we fix arbitrarily upon the beginning of the Sign Aries to 
__ are on from, when we ſpeak m7 the places of the Sun, Moon, and 
8 Ay Nodes ; we call Artes o Signs, Taurus 1 Sign, Gemini 2 Signs, Cancer 
3 Signs, Ge. So, when the Sun is in the goth degree of Aries, 
We ſay his Place or Longitude is © Signs 10 Degrees, becauſe he is 
only 10 Degrees from the beginning of Aries: if he is in the 5th, 
loch, Ge. Degree of Taurus, we fay his Place or e is I 
Sign, 5, 10, &c. Degrees; and ſo on, till he .comes quite round 
again. But in reckoning the Anomalies of the Sun and 5 and 
med diſtance from the Nodes, we only conſider the number of Signs 


Mei and Ful, Moon. 


and Degrees the Luminaries are gone paſt their Apogee or Nodes ; 
not how far they have to go to theſe points, were the diſtance ever fo 
little. The Sun, Moon, and Apogee move according to the order of 


Signs, but the Nodes contrary. . We ſhall now give the Precepts and 


Examples for the above Requiſites in their due order. 
' To calculate the time of New and Full Moon. 


355. PRE CET I. For any propoſed year in the 18th Century, take 
out the mean time of the New 4 6 0 in March from Table I, and 


the mean time of Full Moon from Table III, for the Old Stils; or 


from Tables II and IV for New Stile; with the mean Anomalies of 
the Sun and Moon for theſe times, and ſet them by themſelves. Then, 


from Table VI, take out as many Lunatiens as the propoſed Month is 


after March, with the days, hours, and minutes belonging to them; 
and alſo the mean Anomahes of the Sun and Moon for theſe Luna- 
tions. | | 

II. Add the days, hours, and minutes of theſe Lunations to the 
time of New or Full Moon in March, and the Anomalies for the Lu- 
nations to the Anomalies for March: the ſums give the hours and 
minutes of the mean New or Full Moon required, and the mean Ano- 
malies of the Sun and Moon for that time. 8 | 

IH. Then, with the number of days enter_Table VII, under the 
given Month, and right againſt this number, in the left hand column 
you have the day of New or Full Moon; which ſet before the hours 
and minutes above-mentioned. 1855 es eee 

IV. But, (as it will ſometimes happen) if the number of days 
fall ſhort of all thoſe under the given Month, add one Lunation with 
its Anomalies from Table VI to the foreſaid ſums; ſo you will have 
a new ſum of days wherewith to enter the 7th Table under the given 


Month, where you are ſure to find that ſum the ſecond time, if the 


firſt falls ſhort. 


V. With the Signs and Degrees of the Sun's Anomaly enter Table 


VIII, The Moon's anmual Equation, and take out the minutes of time 
of that Equation by the Anomaly; remembring, that if the Signs are 
at the head of the Table, the degrees are at the left hand, in which 
caſe the Equation found in the Angle of meeting muſt be ſubtracted 
from the mean time of New or Full Moon, as the title Subtract, at the 
head of the Table directs: but if the Signs are at the foot of the 
Table their degrees are in the right-hand column, and the Equation 


whore the Signs and Degrees meet in the Table is to be added - 
2 | the 


191 


Firſt Element 
or Requiſite. 
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the mean time, as the title Add, at the foot of the Table directs ; 
which Equation, ſo applied, gives the mean time of New or Full Moon 


9 Sl | 1 2 5 

VI. With the Signs and, Degrees of the Sun's Anomaly enter 
Table IX, Equation of the Moon's mean Ancmaly, and take out the Equation 
thereof; adding it to the mean Anomaly or ſubtracting it therefrom, as 
the titles at the head or foot of the Table direct; and it gives the 

mean Anomaly corrected. Then, with the Sun's Anomaly enter 
Table XII, Equation of the Sun's mean Place, and take out that Equa- 
tion, appl ing it to the Moon's corrected Anomaly as the titles direct; 
and it will give the Moon's. Anomaly equated *®. V. B. In all theſe 


_ Equations, care muſt be taken to make proper allowance for the odd 


minutes of Anomaly ; the Tables having the Equations only for com- 
pleat A SCE | 

VII. Wich the Moon's equated Anomaly enter Table X, The 
Moon's elliptic Equation, and take out that Equation in the ſame 
manner as the preceding: adding it to the former corrected time 
if the Signs be at the head of the Table, or ſubtracting it if they 
be at the foot, as the Table directs; and this gives the mean time 
ß | 

VIII. Laſtly, enter Table XI, The Suns Equation at New and 
Full Moon, with the Sun's Anomaly, and take out the Sun's Equa- 
tion in the ſame manner as the others; adding it to, or ſubtract- 
ing it from the former equated time, as the titles direct: and b 
this laſt Equation you have the true time of New or Full Moon, 
agreeing with well regulated Clocks and Watches, But to make it 
agree with true Sun-Dials, the Equation of time muſt be applied 
as taught § 225. l | 
This is the ſame with the annual Argument of the Moon. 
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New and Full Moon. 


EXAMPLE I. 


T o find the time of Neu Moon in _ 1964; N. S. 


T1 an 


1 


Tab. II. Mean time of New Moon in March 
Add, for one Lunation, from Tab. * — 


Mean New Moon and Anomaly : 
To which Time add the Moon's Ann. Equ. Tab. VIII. 


And it gives the Mean time correfted 
From which ſubtract the Moon's Pe — Tab, X. 


And it gives the Mean time equated 


N And it gives the true time of Conjunction 


the Aſtronomical Day begins at Noon, 


| is April 1, at 10 hours 2 min. in . orenoon. 


{To which add the Sun's Equation, Tab. XL — | 


Sun's Anom.,| Moon's Ano 
3 0 5 ® uf 
8.1.2 23110 13 32 
0 66 25 49 

— 

9 1 ot Ir [9710 

qu. Moon's Anom. — 20 

Anom. cor. 11 9 1 
Sun's Equat. 1 56 
omen Ano; 11 10 $7 


Her ellipt. Equ. 3 10ſub, 


— 


h. m. 
Moon's ann. Equ.o 22 add 


ek Equation 3 '32 add 


9.10 
2 8 
29 12 44 
91 64 
O0 22 
31 22 3 
1 10 
31 18 53 
＋ 3. 32 
131 22 25 


Which true time anſwers to the firſt of PL at 25 minutes pal 10 in the forenoon: for, a 
5 22 haurs 2 5 min. after the Noon of March 31 


is 


—_ — — un — 


E AAM PI. 


— 


E. II. 


— * _— — 


To find the time of Full Moon in May 1761. N.S. 


— 


| 


Mean time of Full Moon in March « — 
Add, for two Lunations— 


— 


The ſeveral . are — 
The days, in Tab. VII, WIN to May 18 
Moon's annual Equation add 


Mean time corrected 
Moon's elliptic Equation ſubtrattt 


Mean time equated — 
|Sun's Equation add — 


True time of Oppoſition, May 


Sun's Anom.] Moon's Ano, 


8 / o 0 / 


13 


8 20 I 


1 28 


2 
13 


10 18 15110 22 51 


Moon's Ano. 


Her ellipt. Equ. 5 38 ſub. 


& D 
T2 8 
20 12 9 
. 
729 23 $7 
wn ..1T 
+ 14 
„„ 
nel Hs. 
1 
＋ 2 2 
18 10 32 


Equ. Moon's Anom, — 1 3 


Anom. cor. 
Sun's Equat. 


Moon's ann.Equ. 0 14 add 
Sun's nates 2 19 add 


Namely, the 18th day, at 32 minutes paſt 10 at nig 


The Lea years are allowed for in the Tables, fo as to give no 


Trouble in theſe Calculations, 


C 


C 


Te 
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To compute the time of New and Full Noon in a given year ana month, of 
any particular Century, between the Chriſtian Ara * and 18th Century. 


nc I. Find the like year of the 18th Century in Table I, for 
New Moon, or Table III, for Full Moon; and take out the New or 
on Moon in Mar for that year, with the Anomalies of the Sun and 
n. | 
II. From Table V, take as many compleat Centuries, as when ſub- 
trated from the above year of the 18th Century, will anſwer to the 
given year; and take out the Conjunctions and Anomalies of theſe 
Centuries. 4 | | 
III. Subtract the Conjunctions and Anomalies of theſe Centuries from 
thoſe of the New or Full Moon in March above taken out, and the 
remainders will ſhew the mean time of New or Full Moon in March 
the given year, with the Anomalies of the Sun and Moon at that 
time. Then, work in all reſpects for the true time of the propoſed 
New or Full Moon, as taught by the Precepts already given & 355. 


EXAMPLE I. 7 1 
To find the time of New Moon in July 1581, O. S. 
From 1781 ſubtract 200 years, and there remains 1581. 


2 tn 5 Sun's Anom. [Moon's Ano. 
{ — | 


1 — a 1 oo 
| 3333 


Table I. Mean time of New Moon in March 1781 13 7 1 | 


| "WM mY 
Tab. V. Conj. and Anom. for 200 years ſubtrat — | 8 16 220 6 42 5 o 44 

| — . — —— — 7* — 
emain the Conj. and Anom. for March 1581 . 5 
Trab. VI. Add, for five Lunations, to bring it to July 147 15 40 4 25 32] 4 9 5 


152 7 16| 1 12 27111 9 14 


[The ſums are — — - 

he Days in Tab. VII. anſwer to July zoth - | 30 7 10 Equ. Moon's Anom. * 13 
im of the three Equations ſubtract — — 7 9 Anom. cor. 11 9 27 
—— [Sun's Equat. — 1 16 

Frrue time of Conjunction, J - 39 © - I]|Moon's Ano. IT 8 11 
Wich is the 36th day, at one minute — noon, as Moon's ann. Eq. oh 4 ub. 
ſhewn by well regulated Clocks or Watches. Her ellipt Equ. 3 35 fub. 
[Sun's Equation 3 20 ſub. 

nn. 3 en 7 - 9 ſub. 


* When the Romans divided the Empire, which was about 38 years before CHRIST, 
ain fell to Augu/tus's ſhare : in memory of which, the Spaniards dated all their memor- 
able events ab exordio Regni Augu/tt; as Chriſtians do from the birth of our SAaviou. 
But in proceſs of time, only the initial letters FE RA of theſe words were uſed inſtead of 
the words themſelves. And thus, according to ſome, came the word RA, which is 

made uſe of to ſignify a point of time from whence hiſtorlans begin to reckon. . 
2 EXAMPLE 


4 
* 


da!! EXAMPLE: 11. amen at boi 
2 1 the tid of Fu Moon in April A. D. 30, 0. 5 | 
| From 1730 ſubtract 1700, and there's remains 39 


* - on 
* 


17 * 2 
n * 


rem e Moons Ano 
493939. 144244 I — F N — . 4 FED 
= 5 
10 8 5 4 1 
| Tab. II. Mean time of Full a in 2 1730 [22 6 58] g 2 40 3 13 23 
Tab. 5 yh and Anom. for {um years ſubtraft 14 17 37111 28 461% 29 36 
5 So 11 5. r ⁰¹˙Üw ͤ w- 
m. the poſition an m. in Merc 30% 7 13. 219 3 154|.4. 13 47 
Tab. V. Ad 2 for one Lunation, to bring it into pril 29 12 44 49 3 © 25 4 | 
| rhe ſums are 7 2 co ns 30 
The Days in Tab. VII. anſwer to April 6 ——— | 6 2 5 Equ. Moon's Anom. — 17 
To which add the ſum of the three Equations — TI : 6 1] Anom. cor. 5 9 19 
———|Sun's Equat. + 1 35 
. of RIA * A. D. 30 Te” 6 8 . 6 Moon's Ang. "5. 10 54 
Which is the th day, at minutes paſt 8 in the 8 8 8 
| Evening. And thus, the time of New or Full „ eren 9 FP = 
Moon may be found for any . year, and month - 7 TR == 2 57 add 


after the Chriſtian Ara. 8 3.320 — — 
Sum 6 1 add 


PRO 
— * — 


in Table V are more in number than the days on which the New or 
Full Moon happens in March the year of the 18th Century, with 
which the computation begins; as in the third following Example, 
viz. for the Full Moon in March the year before CHRIST 721: in 
which caſe, a Lunation and it's Anomalies muſt be added, from Table! 
VI, to the days and Anomalies of the New or Full Moon in March ; 
and then, ſubtraction can be made: and having gained a remainder, 
work in all reſpects as taught in & 355. 


OO OE — — 


To 15 the time 7 New or Full Moon in 2 en To and month before 


356. PRECEPT I. Find a year of the 18th Sls. which added to 
the given number of years before CuRIST, diminiſhed by one, ſhall 
make a number of whole Centuries. 


Ce 2 II. Find 
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IT. Find this number of Centuries. in Table V, and ſubtract the 
Time and Anomalies anſwering to it from the Time and Anomalies 
anſwering to the mean New or Full Moon in March the year of the 18th 
Century thus found; and they will give the mean time of New or Full 
Moon in March the given year before CurisT, with the Anomalies 
anſwering thereto. Whence the true time of that New or Full *. 
may be had by the Precepts vroeedy delivered F 355. 


III. The Tables are calcatuted for the Meridian of London: there- 
fore, in computing for any place weſtward of Londen, four minutes of 
time muſt be ſubtracted from the time ſhewn by the Tables, for every 
degree the place is weſtward ; and added for every degree it is cal 
ward, 0 § 210. 


EX AM PL E I. 


To frud the time ꝙ _ New Moon at London and Athens in March, 
the year before Chriſt 424. 


The years 423 added to 1777 make 2200, or 22 Lathe 


From which ſubtract 2200 years in Tab. V. 11 16 26 4 20 37 


Which wi 


{Sun's Anom. |Moon's Ano. 


* 4 
ES nent Leen, eo neteann— 


11 b #2 4 5 / BY. 0 . 


Tab. I. Mean New Moon in March A. D. 1777 — 7 53100 7 275 25 51 


Mean IN: and Anom. in March before Chr. 424 | | n 14 
the total of the three Equations added | Equ. "Moon's Anom. — 12 


Anom, cor. 1 
| Sun's Equat. 
Which was the 21ſt day of March, at 26 minutes Moon's Ano. 
paſt 7 in the morning at London: and if 1 hour Moon's ann. F ofomadd 
35 minutes be added for Athens, which is 230 52/ Her ellipt Equ. 5 43 add 
+ eaſt of the meridian of London, we have the time at .Sun's Equation , 3 12 add: 
_— Ry; 1 minute paſtgin the e morning. 78 - Total 9 20 add . 


8 * 1 


(Gives the true time of Conjunction - 


— ——_ —— * "_ V_ _—_— 


EXAMPLE 


Mew and Full Moon. 197 


0/2 17 3:4) BK Ad LB. 
To find the time of Full Moon in October, the year before Chriſt 4030, 
The years 1771 added to 4029 make 5800, or 58 Centuries, 


& Sun's Anom. Moon's Ano. 
S | — ö 
E ; | 
| s 0 e Del3 þ 


/ 


Tab. III. From the mean Full Moon in March 2770 þ ig. 7 111 8 ug WY. S360 
2 ——U— . — cooooeoooomonn, 
Tab V. Subtr. the numbers for 5800 years oy 8 — 4. = * 4 * | 


_—_— — 


— — 


Which collected make — — — 15 12 3910 2 39 7 24 43 


Rem. the mean Full Moon &c. March before Chr. 40 o pA 18 3210 7 2711 27 47 
To which add eight Lunations to carry it to October 236 5 52 7 22 50 6 25 3 


And the ſeveral ſums will be 240 0 2446 o 17] 6 24 19 
Which, for Full Moon day, Tab. VII, is October 26 26 0 24 h m. 
3 28 Moon's Ann. Eq. o o ad 


Moon's ellipt. Equation ſubtr. there being none beſides 
| r | Moon's ellipt.Eq. 3 28 ſub. 
a N 25 20 56 Sun's Equation o o add 


Total 3 28 ſub. 


Rem. the true time of Full Moon, October 
Which is the 26th day, at 8 hours 56 minutes in the 


forenoon *. . | 

By the method preſcribed & 248 it will be found, that the Autumnal 
Equinox in the year before CyR1sT 403o, fell on the 26th of October; 
as this Example ſhews the Full Moon to have been on the ſame day: 

and by working as hereafter taught, it will appear that the Dominical 

Letter was then G, which ſhews the 26th of that October to have been on 

a Friday; namely our ſixth day of the week, but the Ante-Moſazc fifth 

day. And as, according to Genefis, chap. i. ver. 14. the Sun and 

Moon were created on the fourth day of the week, thoſe who are of Age of the 
opinion that the world was made at the time of the Autumnal Equinox, World uncer- 
and that the Moon at her firſt appearance was in full luſtre, oppoſite 

to the Sun, or nearly ſo, may perhaps look upon this as a Criterion 

for aſcertaining the year of the creation ; fince it ſhews the Moon to 

have been Full the next day after ſhe was made: and this is only 9 

years ſooner than Rheinbolt makes it, and 11 years later than according 

to Lange, Whereas, they who maintain that the world was created 

in the 4007th year before CHRIST, with the Sun on the Autumnal 
Equinoctial Point, Ocfober 26, and the Moon then Full; will find, if 

they compute by the beſt Tables extant, that the Moon was New, 

inſtead of being Full, on that day. 


- * When the Sun's Anomaly is o ſigns © degrees, or 6 ſigns o degrees, neither the 
Sun nor the Moon's Anomaly have any Equation ;. which is the caſe in this FR 


L 
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If it could be proved from the writings of Moſes that the Sun was 
created on the point of the Autumnal Equinox, and the Moon in 
oppoſition; as well as it can be proved that theſe Luminaries were made 
(or according to ſome, did not ſhine out till) on the fourth day of the 
creation-week, there would be Data enough for aſcertaining the age 
of the world: for ſuppoſing the Moon to have been Full on an Equi- 
noctial Day, which was the fourth day of the week, it would require 
many thouſands of years to bring theſe three characters together again. 
For, the ſooneſt in which the Moon returns to be New or Full on 
the ſame days of the Months as before, is 19 years wanting an hour 
and half, but then the days of the week return not to the ſame days of 
the months in leſs than 28 years, in which time the Moon has gone 
through one Courſe of Lunations, and 9 years over; therefore a co- 
incidence of the Full Moon and day of the Week and Month cannot 
happen in that time, and if we multiply 19 by 28, which is the neareſt 
co- incidence of theſe three characters, namely 532 years; the Moon's 
falling back an hour and half every 19 years will amount to 42 hours 
in ſo many years; and the Equinox will have anticipated five days. 
From all which we may venture to ſay, that 200000 years would not 
be ſufficient to bring all theſe en together again. 


| EXAMPLE III. : | 
To find the time of Full Moon at Babylon in March, the year before 
Chrift 721. 97. | | 
The years 720 added to 1 
$ 1 = 1 Anom. Moon's Ano. 


IS) Rukh: | 


780 make 2500, or 25 Centuries. 


* 


—— 5 * — 


Tab. I. To the mean F. Moon and Anom. in Mar. 80 os 4 48 19 48 7 
Add one Lunation and it's Anomalies from Tab. VI 29 12 44 29 6| o 


The ſeveral ſums are — — 33 17 -acl-9 18 35418 3 
Fr, which ſubt. the Days &Anom. of 2500 years, Tab. VII9 22 20011 26 1915 © 43 


em. the mean time and Anom. of F. M. in Mar. b. C. 721018 9. La 24 F127 16 


To which add the ſum of the three Equations + 11 36 Equ. Moon's Anom. — 18 
"2 ; | : T A TT 70 2 
And it gives the true time of Full Moon, Mar, 5. C. paiſis 6 41$uws Equat. 6 
[Which was the 19th day, at 41 minutes paſtGin ** © Moon's Anom. 1 28 35 
| the evening, at London ; to which time, if + 2 hours oon's ann. Eq. ot2zo®add 
1 minutes be added, we ſhall have the time at Her ellipt. Equ. 8 1 add 
abylon, namely, 9 hours 51 minutes. | Sun's Equation 3 15 add 

| Sum 11 10 add 

* See the Remark, p. 195. + Babylon is 42 deg. 46 min. eaſt from the Meri- 


dian of Landen, which is equal to 2 hours 51 min. of time nearly, See $ 220. 


357» To | 


New and Full Moon. 

, C27 To know whether the Sun will be eclipſed or no, at the 

time of any given New Moon; collect the Suns diſtance from the 

Node at that time, and if it be lefs than 17 degrees he will be eclipſed, 
otherwiſe not. "IO : | 


EX Gñ a WEE 


For the time of New Moon in April 1764. | 

6 T” * ants Sun from Node 
Table II, mean New Moon in March 1764, New Stile, 11 4 57 
Table VI, add for 1 Lunation to carry it to April 1 o 40 


Sun's diſtance from the Node at New Moon in April o 5 37 


Which, being within the above limit, the Sun muſt be eclipſed: and 
therefore, we proceed to find the reſt of the Elements for computing 
this Eclipſe. Eo 


To find the Moon's Horizontal Parallax, or the Angle of the Earth's ſemi- Second Ele- 


diameter as ſeen from the Moon. 


358. PREcEePT. Having found the Moon's mean Anomaly for the 
above time, by the firſt and ſecond Precepts of F 3 55, enter the MVth 
Table with the figns and degrees of that Anomaly, and thereby take 
out the Moon's Horizontal Parallax: only note, that this is given but 
to every 6th degree of Anomaly in the Table, becauſe it is very eaſy 
to make proper allowance by ſight. So the Moon's Horizontal Parallax 
April the > 1764, at 10 hours 25 minutes in the Forendon, an- 
ſwering to her mean Anomaly at that time (namely 11* 9 241”) is 
55 7"; which, diminiſhed by 100%, the Sun's conſtant. Horizontal 
Parallax, gives for the ſemi-diameter of the Earth's Diſc 54 57”. 


To find the Sun's true Place, and his diſtance from the neareſt Solſtice. Third Ele- 


; 59. PrEcePT I. We are to conſider, that the beginning of Aries 
and of Libra, which are the Equinoctial Points, are equidiſtant from the 
beginning of Cancer and of Capricorn, which are the Solſtitial Points. 
Hence, when we know in what Sign and Degree the Sun is, we can 
eaſily find his diſtance from the neareſt Solſtice. Now, to find the 
Sun's Place, or Longitude from Aries, April the 1ſt, 1764, at 10 hours 


21 minutes in the Forenoon ; being the equated time of New Moon. 
£4 PRECEPT 


200 
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PrECEPT II. This being to the time of New Moon, take out the 
Sun's mean Place and Anomaly from Table II for that time, and the 
Equation of his mean Place from Table XII by his Anomaly; adding 
the Equation to his mean Place or ſubtracting it from the ſame, as the 


Table directs, will give his true Place. 


EXAMPLE. 


| Sun's Long. Sun's mean 
from Aries. | , Anomaly. 
— g — 


— — 


3 / 3 7 


Table I. To the Sun's mean Place and Anomaly at the mean — — 
time of New Moon in March 1764, N. 8. V 


* 


Add the ſame from Tab. VI. for one Lunation, to carry it to April] o 29 66 29 6 


{Mean Place and Anomaly at the time of New Moon, in April! —- o 10 139 1 29 


To which place add the Sun's Equation from Tab. XII. 1 86 — 
| | | Equal 1* 567 
And it gives the Sun's true place - o 12 9 Additive. 


Which is Aries 129“; and this, when taken from three Signs, or the beginning of | Cancer, 
leaves 2 ſigns 17 deg. 51 min., or 77* 51” for the Sun's diſtance from the then neareſt 
Solſtice. 


— _ _ 


360. But becauſe the Sun's true Place is often wanted when the 
Moon is neither New nor Full, we ſhall next ſhew how -it may be 
found for any given moment of time: though this be digrefling from 
our preſent purpoſe. B vw 


In Table XVI find the neareſt leſſer year to that in which the Sun's 
Place is ſought, and take out the Sun's mean Longitude and Ano- 
maly anſwering thereto; to which add his mean motion and Anomaly 
for the compleat reſidue of the years, with the month, day, hour, 
and minute, all taken from the ſame Table, and you have & Sun's 
mean Longitude and Anomaly for the given time. Then, from 
Table XII take out the Sun's Equation by means of his Anomaly 
(making proportions for the odd minutes of Anomaly) which Equa- 
tion being added to or ſubtracted from the Sun's mean Longitude 
from Aries, as the titles in the Table direct, gives his true Place, or 
Longitude from the beginning of Aries, reckoned according to the 
order of the Signs F 3 54. 


EXAMPLE 
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EXAMPLE.. 
To find the Sun's true Place April 
49 ſeconds paſt 10 in the morning. 


zoth, A. D. 1757, at 18 minutes 


To which add the Equation of the Sun's mean Place 


And it gives his true Place, wiz. y Taurus 10® 11/ 26” 


Sun's Long 

The year next leſs than 1757 in the Table is 1753, at the begin- |, „ „ „ 
ning of which, the Sun's mean Longitude from the beginning 
of Aries, and his mean Anomaly, 1s G _ 9 10 16 52 
To which add his mean Mot. and Anom. for four years to make 175700 © 1 49 
April 2 28 42 30 

days 29 o 28 35 2 

And likewiſe his mean Mot. and Anom. for hours 22 =——0——| 0 54 13 
| min. 18 — O 44 

ſec. 49 ———m—_— 2 

Sun's mean Longitude and Anomaly for the given time is 1 8 31 12 


140 14 


1 10 11 20 


Sun's Anom. 


9 29 4 


Sun's Eq. | 
1* 40) 14” [ 


N. B. In leap-years after February, the Sun's mean Motion and Anomaly muſt be taken 


out for the day next after the given one. 


361. To calculate the Sun's true Place for any time in a given year before 
the firſt year of CuR1sT : ſubtract the mean Motions and Anomalies for 
the compleat hundreds next above the given year; to the remainder add 


thoſe for the reſidue of years, months, &c. and then work in all reſpects 


as above taught. EXAMPLE. 


To find the Sun's true Place May the 28th at 4. hours 3 min. 42 ſec. in 
the afternoon, the year before Chriſt 585, which was a Leap year*. 


Sun's Long. 


ER. WY 


From the Sun's mean Longitude and Anomaly at the beginning 


of the year of Chriſt 1 
Subtract his mean Motion and Anomaly for 690 year 


And the remainder, or radix, is 
To which add what 585 wants of 600, vix. 15 years 


Ma 


days 28 Biſſextile 


And alſo thoſe of & hours 4 


min. 3 


ſec, 42 


Sun's mean Long May 28th, at 4 hour 3 min. 24 ſec. afternoon 


Equation of the Sun's mean Place ſubtract o 


9, 1 $3. © 
0 4 33 © 


9 3 21 10 
11 29 22 27 
3 28 16 40 
o 28 35 2 
oO 9 51 
7 

2 


Sun's Anom. 


s o / | 


6 29 54 
I 


„ 
11 29 74 
3 28 17 
o 28 35 
© 10 


89 1 $54 2 
Sun's Anom. 


1 29 45 19 
1 


Rem, his tue Place for the ſame time, viz. 8 Taurus 2943 7 


1 29 43 17 


2' 22// 
Sun's Equat. 
ſubtract. 


| 


* Our Saviour was born in a leap-year, and therefore every fourth year both before and after 


is a leap-year in the Ol Stile: but the Tables begin with the year 
| D d 


next after that 


of his birth. 


N. B. As 


201 


202 


Fourth Ele- 
ment. 


Fifth Ele- 
ment. 


Sixth Ele» 
ment. 
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N. B. As the Longitudes or Places of all the viſible Stars in the 
Heavens are well, known, we have an eaſy method of finding the 
Sun's true Place in the Ecliptic : for the Sun is directly oppoſite to that 
Point of the Ecliptic which comes to the Meridian at mid-night. 


To find the Sun's Dechnation, 


362. PrxEceyT. Enter Table XVII with the Signs and Degrees of 
the Sun's Place; and making proportions, take out his Declination 
anſwering thereto. If the Signs are at the head of the Table, the 
Degrees are at the left hand ; but if the Signs are at the foot of the 
Table, the Degrees are at the right hand. So, the Sun's Declination 
anſwering to his true Place (found by § 359 to be o“ 12% 970 is 4 
degrees 48 minutes 54 ſeconds, making allowance for the 9 that 
his Place exceeds 120. 


To find the Angle of the Moons viſible Path with the Ecliptic. 


PrrcePT. This we may ſtate at 5 degrees 38 minutes, as near 
enough for the purpoſe ; ſince it is never above 8 minutes of a degree 
more or leſs. , | | 


To find the Moon's Latitude. 
363. PxzEceyr. Having found the Sun's diſtance from the Aſcend- 


ing Node by § 357, at the mean time of New Moon, and his Ano- 


$4 or SD, annexed to the Signs of the faid Argument. 


maly for that time by & 359, find the Equation of the Node in Table 
XIII, by the Sun's Anomaly, and the Equation of the Sun's mean 
Place in Table XII by his Anomaly : theſe two Fquations applied (as 
the titles direct) to the Sun's mean diſtance from the Aſcending Node, 
give his true diſtance from it, and alſo the Moon's true diſtance at the 
time of Change: but when the Moon is Full, this diſtance muſt be 
increaſed by the addition of 6 Signs, which will then be the Moon's. 


true diſtance from the ſame Node. 


The Moon's true diſtance from the Aſcending Node is called the 
Argument of the Moon's Latitude; with the Signs of which, at the 


head of Table XIV; and Degrees at the left hand, or with the Signs 


at the foot of the Table and Degrees at the right hand, take out 
the Moon's Latitude: which is North Aſcending, North Deſcending, 
South Aſcending, or South Deſcending, according to the letters NA, ND, 


EXAMPLE 


S 
PO 1 U 
„ o n 
8 / mt; —— oo Foe 2225 AE 


1 
. be 1 SY 


22 Moons Ewy/ 
RO eee, 
25 re : 10 f. a5 m.atnight 


D | B | 
JD DPS 
D | 
DD Dn £ F | 
: 85 
> 3 — " 
ST | 77 / 
| 0 
3 
1 
f 
FX 


A 
8 
e 


HA „%%% % 7 
. £ Z 
ne + @** © 1 a 25 No 
8 F | 11 
i 67 
: | \ 
= \ 
| 
\ 
p | ® 
l 5 
13 
; \ 
2 N 
-/ . 
* 
; 2 | \ 


Dons 
1d? 


£ 
3 2.0 


* 


S 


3 


| » 
C. J 45 þ 50 


Orb 


of the | Feliniec 


- 


Ae 


the 


— 


"Sun Felipe April 1.764 | ; 


40 K. 25,1, Forenoon 


Axto 


2 


a0 
1410 


0 7 


80 


6 * + Moons 77222, . 


TELLS 
*. 
2 
* = 
BY. = 
>» % 
Va *. 
2 my 
” % * 
wy * 
.. * = 
hn _ 
4 oo * 
2 a 8 
7 * 88 1 
* 1 — * * 
4 TI. 25 % 
af, FS , 290 E 3 
= VS. #*<14 2 vg 
— = 5 £ 
, : 8 —— 
* * _ 
Ps ON 4. 4 * 7 
7 1 
w 
Fo 9 a , , 
L U Sy. 7 
L N s © U 
* Baa. 
[ 5 = 
al 
, Ll 
[Ly , , 
, "I 
, 
, ”' © 
, . 
* A 
"Is 
6 4 
, 5 
Ll - 
* „ 
* 
Ul - 
„ 
* 5 
* 
Ll * 
L , 
„ * 
- 
. 
, „ 
, - 
- 
- 
FU 


Je, 


J Porguſon delin. 


— 


2 


4 


the Calculation of Solar Eclip/es. 20g 
E T AN TBE 


| Sun's mean Diſt. from the: Node at New Moon in- April 1764 5 3 . 
To whithsodd the ue of ho. Made - a I 
And it gives the Sun's corrected Diſtance from the Node 'o 5 47 
To which cor. Diſt, add the Eq. of the Sun's mean Place +1: 56 


—— 


And it gives the Sun's true Diſtance from the Node 7 43 
Which, being at the time of New Moon, is "the gene of 

Latitude ; and in Table XIV, (making proportions: for the 47% thews 

the Moon's Latitude to be 409. North Aſcending +. 


To ind the Moon's true hourly Motion from the Sun. Seventh Ele- 

; 8 1 | los ment, 
364. PrEceeT. With the Moon's Anomaly enter Table XV, and 
thereby take out her true hourly Ge : then with the Sun's Ano- 
maly take out his true hourly Motion from the fame Table : which 
done, ſubtract the Sun's hourly Motion from the Moon's, and the re- 
mainder will be the Moon's true hourly Motion from the Sun; which, 


for the above time F 359, is 27 50". 


To find the Semi-diameters of the Sun and Moon as ſeen from the Earth Eighth and 

| > at the above-mentioned time. „ 
36 5. PrEceeT. Enter the XVth Table with the Sun's Anomaly, 

and thereby take out his Semi-diameter; and in the ſame manner 

take out the Moon's Semi- diameter by her Anomaly. The former of 

which for the above time will be found to be 16' 6”; the latter 


14 58". . 
To find the Semi-diameter of the Penumbra. | Tenth Ele- 


. ment, 


366. PREceeT. Add the Sun's ſemi-diameter to the Moon's, and 
their Sun will be the Semi-diameter of the Penumbra z namely, at the 


above time 31' 4”. | 


* When only one of the Nodes is mentioned, it is the Aſcending Node that is meant, 
to which the Deſcending Node is exactly oppoſite, 

+ When the Moon is North of the Ecliptic and going farther from it, her Latitude 
or Declination from the Ecliptic is called North Aſcending : when ſhe is North of the 
Ecliptic and going toward it, her Latitude is North Deſcending : when ſhe is South of 
the Ecliptic and going farther from it, her Latitude is South Deſcending : and laſtly, 
when ſhe is South of the Ecliptic and going toward it, her Latitude is South Aſcending. 


D d 2 | 366, Having 


— 
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PL. XII. 366. Having found the proper Elements or Requiſites for the Sun's 
Eclipſe April 1, 1764, and intending to project this Eclipſe Geometri- 
cally, we ſhall now collect them under the eye, that they may be the 
more readily found as they are wanted in order for the Projection. 

| | 9 I >: 

The proper 367. I. The true time of Conj. or New Moon April 1 10 25 
2 II. The Earth's Semi-Diſc, which is equal to the _ 

Moons Horizontal Parallax 55 diminiſhed by the Sun's . „ „ 

Horizontal Parallax which is always 10” —— — o 54 57 

III. The Sun's diſtance from the neareft Solſtice, via. 77 51 © 


IV. The Sun's Declination, North —— — — 4 48 54 
V. The Angle of the Moon's vil. path with the Eclipt. 5 38 o 
VI. The Moon's true Latitude, North Aſcending 40 9 
VII. The Moon's true Horary Motion from the Sun 27 $0 
VIII. The Sun's Semi-diameter — — — 8 
IX. The Moon's Semi-diamete— — — 14 58 


X. The Semi- diameter of the Penumbkra—— — 1 


368. Having collected theſe Elements or Requiſites, the followin 
__ of the work may be very much facilitated by means of a an 
ector, with the uſe of which the reader ſhould be ſo well acquainted, 
as to know how to open it to any given Radius, as far as it will go; 
and to take off the Chord or Sine of any Arc of that Radius. This is. 
done by firſt taking the extent of the given Radius in your Compaſſes, 
and then opening the Sector ſo as the diſtance croſs-wiſe between the 
ends of the lines of Sines or Chords at $ or C, from Leg to Leg of the 
Sector, may be equal to that extent; then, without altering the Sector, 

take the Sine or Chord of the given Arc with your Compaſſes extended 
croſs-wiſe from Leg to Leg of the Sector in theſe lines. But if the operator 
has not a Sector, he mult conſtruct theſe lines to ſuch different lengths 
as he wants them in the projection. And leſt this Treatiſe ſhould fall 
into the hands of any perſon who would wiſh to project the Figure of 
a ſolar or lunar Eclipſe, and has not a Sector to do it by, we ſhall 

ſhew how he may make a line of Sines or Chords to any Radius. 

Fig: II. 369. Draw the right line BCA*t pleafure ; and upon Cas a Center, 
with the diſtance CA or CB as a Radius, deſcribe the Semi- circle BDA; 
and fromthe Center C draw AC perpendicular to BCA. Then divide the 
: uadrants AD and: BD each into go equal parts or degrees, and join the 
How to make Light line AD for the Chord of the Quadrant AD. This done, ſetting 
a line of ane foot of the Compaſſes in A, extend the other to the different diviſions 


Chords. af the Quadrant AD; and. ſo transfer, them to the right line AD as in 
| L | the: 


the Calculation of Solar Eclipſes. . 
the Figure, and you have a line of Chords AD to the Radius CA. PL. XII. 


N. B. 60 Degrees on the Line of Chords is always & — to. the Radius 
of the Circle it is made from; as is evident by the Figure, where the 
Arch E, whoſe Center is A, drawn from 60 on the Quadrant AD), cuts 
the Chord line in 60 degrees, and terminates in the Center C. 

Then, from the diviſions or degrees of the Quadrant BD, draw And of Sines. 
lines parallel to CD, which will fall perpendicularly on the Radius BG, | 
dividing it into a line of Sines ; and it will be near enough for the preſent 
purpoſe, to have them to every fifth Degree, as in the Figure. And 
thus the young Tyro may ſupply himſelf with Chords and Sines, if he has 
not a Sector. But as the Sector greatly ſhortens the work, we ſhall de- 

{cribe the projection as done by it, fo far as Signs and Chords are required, 


370. Make a Scale of any convenient length (fix inches at leaſt) as Fig. I. W | 
AC, and divide it into as many equal parts as the ſemi-diameter of the 
Earth's Diſc contains minutes, which in this conſtruction of the Eclipſe. Guns 
for London in April 1764, is 54 minutes and 57 ſeconds; but as it Earth's 
wants only 3” of 55 the Scale may be divided into 55 equal parts, Semi- Niſe. 
as in the Figure. Then, with the whole length of the Scale as a 
Radius, ſetting one foot of your Compaſſes in Cas a center, deſcribe the 
Semi-eircle AAB for the northern Hemiſphere or Semi-diſc of the 
Earth, as ſeen from the Sun at that time. Had the Place for which. 
the Conſtruction is made been in South Latitude, this Semi- circle 
would have been the Southern Hemiſphere of the Earth's Diſc. 

371. Upon the center C raiſe the ſtraight line CH for the Axis of the Axis of the: 
Ecliptic, perpendicular to ACB. Ecliptie. 

372. Make a line of Chords to the Radius AC, and taking from North pole off 
thence the Chord of 234 Degrees, ſet it off from ZH to g and to &, on dhe Earth. 
the periphery of the Semi- diſc; and draw the ſtraight line gNb, in 
which the North Pole of the Diſc is always found, _ 

373. While the Sun is in Aries, Taurus, Gemini, Cancer, Leo, 
and Virgo, the North Pole of the Diſe is illuminated; but while the Sun 
is in Libra, Scorpio, Sagittary, Capricorn, and Aquarius, the North. 

Pole is hid in the obſcure part behind the Diſc. | 

374. And, whilſt the Sun is in Capricorn, Aquarius, Piſces, Aries, 
Taurus, and Gemini, the Earth's Axis-CP lies to the right hand of the 
Axis of the Ecliptic CH as ſeen. from the Sun, and to the left hand 
while the Sun 1s in. the other fix Signs, | 

375. Make a line of Sines equal in length to. Ng or Nh, and Earth's Axis. 
take off with your Compaſſes from it the Sine of the Sun's diſtance 


from the; neareſt. Solſtice, which in the preſent caſe. is 77 51 F 367, 
| | | and. 


— 
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and ſet that diſtance to the right hand, from N to P, on the line g Nb, 

Univerſal becauſe the Sun being in Aries & 359, the Earth's Axis lies to the right 
Meridian. hand of the Axis of the Ecliptic F 374: then draw the ſtraight line 
CXII P, for the Earth's Axis and the Univerſal Meridian; of both 

which P is the North Pole. G N 5k e 

376. To draw the parallel of Latitude of any given Place (ſuppoſe 

path of a London) which parallel is the viſible Path of the Place on the Diſc, as 
given Place ſeen from the Sun, from the time that the Sun riſes till it ſets; ſub- 
on fen fem tract the Latitude of the Place (London) 5̃ 12. degrees from go degrees, 
the Sun. and there remains 38+; which take from the Line of Chords in your 
Compaſſes, and ſet it from 5 (where the Univerſal Meridian CP 

cuts the periphery of the Semi-diſc) to VI and VI; and draw the 

occult Line VILVI. Then, on the left hand of the Earth's Axis, 

ſet off the Chord of the Sun's Declination 4 48“ 54” F 367, from VI 

to D and to F; ſet off the ſame on the right hand from VF to E and 

to G; and draw the occult Lines DsE and FXIIG parallel to VI L VI. 

77. Biſect s XII in K, and through the point K draw the black 

Line VIX VI parallel to the occult or dotted Line VIL VI. Then, 

making AC the Radius or length of a Line of Lines, ſet off the Sine 

of 38+ degrees, the Co-Latitude of London, from K to VI and VI; 

and with that extent as a Radius, deſcribe the Semi-Circle VI 7 8 9 

&c. and divide it into 12 equal parts, beginning at VI. From theſe 

diviſions, draw the occult Lines m, 8/, qt, &c. all to the Line VI K VI, 

and parallel to C XII P. Then, with K XII as a Radius, deſcribe the 

Circle abedef, round the Center K, and divide the Quadrant aXII into 

ſix equal parts, as ab, be, cd, de, &c. Then, through theſe points of 

Situation of diviſion 5, c, d, e, and f, draw the occult Lines VII4 V, VIII c IIII, 
the . IX 411, &c. interſecting the former Lines 7m, 8/, 94, 101, &c. in 
ee TY] the points VII, VIII, IX, X, XI, &c. which points mark the ſitua- 
Sun ſet. tion of London on the Earth's Diſc as ſeen from the Sun at theſe hours 
reſpectively, from ſix in the morning till ſix at night: and if the 

elliptic Curve VI, VII, VIII, &c. be drawn through theſe points, it 

will repreſent the parallel of London, or the path it ſeems to deſcribe 

as viewed from the Sun, from Sun- riſe to Sun- ſet. N. B. When the 

Sun's Declination is North, the ſaid Curve is the diurnal Path of 

London; and the oppoſite part VI s VI is it's nocturnal Path behind 

the Diſc, or in the obſcure part thereof, $ 338, 339. But if the Sun's 
Declination had been South, the Curve VI s VI would have been the 

diurnal path of Londen; in which caſe the Lines vm, 8/, &c. muſt have 

been continued thro' the right Line VIX VI, and their lengths beyond 

that line determined by dividing the Quadrant 3 of the little Circle 


1 abcd 
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abed into ſix equal parts, and drawing the parallels VIIz, VIII: &c. 
through that diviſion, in the ſame manner as done on the ſide K XII; 

and the Curve VII, VIII, IX, &c. would have been the nocturnal 

Path. It is requiſite to divide the hours of the diurnal Path into 

juarters, as in the Diagram; and if poſſible into minutes alſ 0 

378. From the Line of Chords & 372 take the Angle of the Moon's 

viſible Path with the Ecliptic, vis. 5 38 § 367: and note, that when 
the Moon's Latitude is North Aſcending, as in the preſent caſe, the 

Chord of this Angle muſt be ſet off to the left hand of the Axis of the 

Ecliptic CH, as from H to M, and the right line CM drawn for the Axis of the 
Axis of the Moon's Orbit: but when the Moon's Latitude is Nortb Moons Orbit. 
Deſcending, this Angle and Axis muſt be ſet to the right hand, or 

from H toward h. When the Moon's Latitude South Aſcending, the Axis 

of her Orbit lies the ſame way as when her Latitude is Nertb Aſcemding; 
and when South Deſcending, the ſame way as when North Deſcending. 

379. Take the Moon's Latitude, 409“ $ 367, from the Scale CA, Path of the 
and ſet it from C to Jon the Axis of the Ecliptic; and through T, 3 
at right Angles to the Axis of the Moon's Orbit CM, draw the ſtraight the Earth. 
Line RTS; which is the Moon's Path, or Line that the center of her 
ſhadow and Penumbra deſcribes in going over the Earth's Diſc. The 
Point T in the Axis of the Ecliptic is the Place where the true/Conjunc- 
tion of the Sun and Moon falls, according to the Tables; and the 
Point V, in the Axis of the Moon's Orbit, is that where the center of 
the Penumbra approaches neareſt to the center of the Earth's'Diſc, and 
conſequently the middle of the general Eclipſe.” ' 91k. n 

380. Take the Moon's true Horary Motion from the Sun 27" 50“ 
$ 367, from the Scale CA with your Compaſſes (every diviſion of the 
Scale being a minute of a Degree) and with that extent make marks 
in the Line of the Moon's Path RTS: then divide each of theſe equal 5 ere 
ſpaces by dots into 60 equal parts or horary minutes; and ſet the Diſe neun 
hours to every 60th minute, in ſuch a manner that the dot, fignify- for every 8 : 
ing the preciſe minute of New Moon by the Tables, may fall in the 7; 85 
Point T where the Axis of the Ecliptic cuts the Line of the Moon's 
Path; which, in this Fclipſe, is the 25th minute ꝓaſt ten in the Fore- 
noon: and then the other marks will ſhew the places on the Earth's 
Diſc where the center of the Penumbra is, at the hours and. minutes. 
denoted by them, during its tranſit over the Earth. | f 

381. Apply one fide of a Square to the Line of the Moon's Path, 
and move the Square backward or forward until the other fide cuts the 
fame hour and minute both in the Path of the Place (Londen, in this; 


Conſtruction) and Path of the Moon; and that minute, cut at the ſame 
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Middle of the time in both Paths, will be the preciſe minute of viſible Conjunction 


of the Sun and Moon at London, and therefore the time of greateſt 
obſcuration, or middle of the Eclipſe at London; which time, in this 
Projection, falls at 7, 34 minutes paſt 10 in the Moon's Path; and at 
u, 34 minutes paſt 10 in the Path of London. Then, upon the Point 
# as a center, deſcribe the Circle 21) whoſe Radius zy is equal to the 
Sun's: ſemi-diameter 16' 6” § 367, taken from the Scale CA: And 
upon the Point ? as a center, deſcribe the Circle Hy whoſe Radius is 
equal to the Moon's ſemi-diameter 14' 58" $.367, taken from the 
ſame Scale. The Circle 22) repreſents the Diſc of the Sun as ſeen 
from the Earth, and the Circle Hy the Diſc of the Moon. The 
portion of the Sun's Diſc cut off by the Moon's ſhews the Quantity 
of the Eclipſe at the time of greateſt obſcuration: and if a right Line 
as yz be drawn acroſs the Sun's Diſc through? and u, the minute of 
greateſt obſcuration in both Paths, and divided into 12 equal parts, it 


will ſhew what number of Digits are then eclipſed. If theſe two 


Circles do not touch one another, the Eclipſe will not be viſible at 
the given Place. . | 

382. Laſtly, take the Semi-diameter of the Penumbra 31' 4” § 36, 
from the Scale CA with your Compaſſes; and ſetting one foot in 
the Moon's Path, to the left hand of the Axis of the Ecliptic, direct 
the other toward the Path of London; and carry this extent back- 
wards or forwards until both Points of the Compaſſes fall into the ſame 
inſtants of time in both Paths: which will denote the time of the begin- 
ning of the Eclipſe : then, do the ſame on the right hand of the Axis 
of the Ecliptic, and where both Points mark the fame inſtants in both 
Paths, they will ſhew at what time the Eclipſe ends. Theſe trials give 
the Points R in the Moon's Path and 7 in the Path of London, namely 
9 minutes paſt 9 in the Morning for the beginning of the Eclipſe at 


It's beginning London, April 1, 1764: f and # for the middle or greateſt obſcuration, 


and ending. 


at 35 minutes paſt 10; when the Eclipſe will be barely annular on 
the Sun's lower-moſt edge, and only two thirds of a Digit left free on 
his upper-moſt edge: and for the end of the Eclipſe, & in the Moon's 
Path and x in the Path of London, at 4 minutes paſt 12 at Noon. 

In this Conſtruction it is ſuppoſed that the Equator, Tropics, Pa- 
rallel of London, and Meridians through every 15th degree of Longi- 
tude are projected in viſible Lines on the Earth's Diſc, as ſeen from 
the Sun at almoſt an infinite diſtance ; that the Angle under which 
the Moon's diameter is ſeen, during the time of the Eclipſe, continues 
invariably the fame ; that the Moon's motion is uniform, and her Path 


rectilineal, for that time. But all theſe ſuppoſitions do not exactly agree 
| I with 
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with the truth; and therefore; ſuppoſing the Elements 5. 367 2 
by the Tables to be perfectiy accurate, yet the time and 

the Eclipſe deduced from it's Conftrution will not anſwer * 
what paſſeth in the Heavens; but may be two or three minutes wrong 
though done with the utmoſt care: oreover, the Paths of all Places 
of conſiderable Latitude go nearer the center of the Diſc as ſeen from 
the Moon than theſe Conſtructions make them; 'becauſe the Earth's 
Diſe is projected as if the Earth were a perſect ſphere, although it is 
known to be a ſpheroid. Conſequently, the Moon's ſhadow 'will go 
farther North in places of northern Latitude, and farther South in places 
of ſouthern Latitude than theſe projections anſwer to. Hence we may 
venture to predict that this Eelipſe will be more annular at London 
(that is, the annulus will be ſome what broader on the Wafer Limb 


of = Sun) than the Diagram ſhews it. 


3. Having ſhewn how to compute H timmes: — — . the phaſes 
of a 855 Eclipſe, we now proceed to thoſe of the Lunar, ; And it has 
been already mentioned 8 317, that when the Full Moon is, within 12 
degrees of either of her Nodes, ſhe. muſt be eclipſed, We ſhall now 

_ enquire whether or no the Moon will be eclipſed 115 18, 8 N S. 
at 32 minutes paſt 10 at Night. See page 198. ng 


Sun from Node at Full Moon in e 1761 — — 2 25 27 Table IV. 
Add his diſtance for two Lunations, to bring it into May 1 20 Table VI. 
And his diſtance at Full Moon in that month is «> 20 47 
Subtract this from a Circle, or 12 Signs, and there will —— 3 17; 
which is all that the Sun wants of coming round to the Aſcending Node; 
and the Moon being then oppoſite to the Sun, muſt he juſt as near the 
P Node: conſequently, far within the limit of an Eclipſe. 
384. Knowing then that the Moon wall: be eclipſed in May 1761, 
we muſt find her true diſtance from the Node at that time; by apply- 
ing the proper Equations as taught $ 363, and then find * true La- 
titude as taught in that article 
Sun's mean diſtance from the Node at F. Moon in May we. 1 1 26 47 Table IV. 


Add the Hen of the Node, for the Sun 8 10*. 6 Table XIII. 
1 89 i [4 1 — — — — 1. @ nA Ty 

Sun's mean diſtance From: the Node eee =- — nne | 

Add the Equation of the Sun's mean Place — T1 15 Table XII. 


Sun's true diſtance from the Aſcending . — - 2 8 
To which add 6 Signs, See 8333 — — — 6 ö 


The ſum is the Moon's true diſtance from the ſame Node 5 28 8 
* See Page 193. Example II. 
E e | Or 


210 


PL. XII. 


are the parts deficient to the Digits ecli yo. 


To project a 
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or the Argument. of her Latitude ; which in Table XIV, gives the 
Moon's true Latitude, viz.. 9 56” North Deſcending. 

385. Having by the foregoing precepts $ 355 found the true time 
of Oppoſition of the Sun and Moon in a lunar Eclipſe, with the Moon's 
Anomaly enter Table XV. and: take out her horizontal Parallax, alſo 
her true horary Motion and Semidiameter ; and likewiſe thoſe of the 
Sun by his Anomaly, as already taught $ 304 & Jeq. Then add the 
Sun's horizontal Parallax, which is always 10 Seconds, to the Moon's 
horizontal Parallax, and from their ſum ſubtract the Sun's Semi- 
diameter; the remainder will be the Semi- diameter of that part of the 
Earth's ſhadow which the Moon goes through. 

386, From the Sum of the Semi-diameters of the Moon and Earth's 
Shadow, ſubtract the Moon's Latitude; the remainder is tlie parts de- 
ficient. Then, as the Semi-diameter of the Moon is to 6 Digits, ſo 


387. If the parts deficient be more than the Moon's Diameter, the 
Eclipſe will be total with continuance ; if leſs, it will not be total; if 

ual, it will be total, but without continuance. © 

388. Now collect the Elements for 1 this Eclipſe. 


Moon s horizontal Parallax — — 55 32 
Sun's horizontal Parallax awe; ty — — — 10 
The Sum of both Parallaxes —— — 5 
From which ſubtract the Sun's Semi-diameter —— 15 54 
Remains the Semi-diameter of the Earth's Shadow 39 48 
Semidiameter ef the Moon — — — 15 2 


Sum of the two laſt emp" — — 54 50 
Moon's Latitude ſubteact — — — 9 56 
Remains the parts deficient — — 45 0 
Moons horary motion — — — 30 46 


Sun's horary motion ſubtrat— — — 2 24 
Remains the Moon's horary motion from the Sun — 28 22 


389. This done, make a Scale ef any convenient length as 15 


lunar Eclipſe. whereof each diviſion is a minute of a degree; and take from it in your 


Fig. III. 


Compaſſes 54 Minutes 50 Seconds, the Sum of Semi-diameters of the 
Moon and Earth's ſhadow ; and with that extent as a Radius, deſcribe 
that Circle OVLG round C as a Center. 

From the ſame Scale take 39 Minutes 48 Seconds, the Semi-diameter 
of the Earth's ſhadow , and therewith as a Radius, deſcribe the Circle 


V for the Earth's ſhadow, round C as a Center. Subtract the 
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Moon's Scmi-diuneter from the 3 ef the Shadow; and 
with the difference 24 Minutes 46 ſeconds as a Radius, taken from the 
Scale V, deſcribe the Circle-Y'Z round the Center C. 

Draw the right line AB through the Center C for the Beliptic;; and 
croſs it at right Angles with the line EG for the Axis of the Eeliptie. 

Becauſe the Moon's Latitude in this Eclipſe is North Deſcending, 
5384, ſet off the Angle of her viſible Path with the Ecliptic 5 Degrees 
38 Minutes (Page 202.) from E to V/; and draw Cv for the Axis of the 
Moon's Orbit. Had the Moon's Latitude been North Aſcending,” this 
Angle mult have been ſet off from E to f. N. B. When the Moon's 
Latitude is South Aſcending, the Axis of her Orbit lies the fame way 
as when ſhe has North Aſcending Latitude; and when her Latitude is 
North Deſcending, the Axis of her Orbit lies ths ſame page Ain when 
her Latitude is South Deſcending. '- 

Take the Moon's true Latitude'g' 56“ in your Cempeſhe from the 
Scale V, and ſet it off from C to F on . Axis of the Eeliptic becauſe 
the Moon is north of the Eeliptic; (had ſhe been to the South of it, 
her Latitude muſt have been ſet off the contrary: way, as ftom C to- 
wards v:) and through F, at right Angles to the Aris of the Moon's 
Orbit VCv, draw the right line LMH NU for the Moon's Orbit, or 
her Path through the Earth's ſhadow: N. B. When the Moon's 9 
Latitude is North Aſcending, or North Deſcending, ſhe is above the 
Ecliptic: but when her Latitude is South Aſcending, or South Deſcend- 
ing, ſhe 1s below it. 

Take the Moon's true horary motion from the Sulg viz. 28 Minutes 
22 Seconds, from the Scale in your Compaſſes ;« and with that 
extent make marks in the line of the Moon's Path LMHINO : 
then divide each of theſe equal ſpaces into 60 equal parts or minutes 
of time: and ſet the hours to them as in the Figure, in ſueh a 
manner that the preciſe time of Pull Moon, as ſhewn by the Tables, 
may fall in the Axis of the Eeliptie at FE, where the line of the Moon' 
Path cuts it. 

Laſtly, Take the Moon's Seri Wnrbeber 15 Minutes 2 Sebetide 
from the Scale Vin your Compaſſes, and therewith as a Radius de- 
ſcribe the Circles P, Q, R, &, and Ton the Centers L, M, H, NM, and 
O; the Circles P and T Juſt touching the Earth's Shadow UU, but no 
part of them within it; the Circles Land & all within it, but touch- 
ing at its edges ; and the Circle R in the middle of the Moon's Path 
through the ſhadow. So the Circle P ſhall be the Moon touching 
the ſhadow at the moment the Ectipſe begins; the Circle & the Moon 
Juſt immerſed into the ſhadow at the moment ſhe is totally Hs 
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the Circle R the Moon at the greateſt obſcuration, in the middle 
of the Eclipſe; the Circle 8 the Moon juſt beginning to be en- 
lightened on her weſtern limb at the end of total darkneſs; and the 
Circle J the Moon quite clear of the Earth's ſhadow. at the moment 
the Eclipſe ends. The moments of time marked at the points L, M, H, V 
and O anſwer to theſe Phenomena: and according to this ſmall pro- 
jection are as follow. The beginning of the Eclipſe at 8 Hours 36 
Minutes P. M. the total immerſion at 9 Hours 42 Minutes. The 
middle of the Eclipſe at 10 Hours 26 Minutes. The end of total 
darkneſs at 11 Hours 12 Minutes. And the end of the Eclipſe at 
12 Hours 18 Minutes; but the Figure is too ſmall to admit of pre- 
ciſion. | N | | | | 


Theexamina- 390. By computing the times of New and Full Moons, | together 
on 5 antient vith the diſtance of the Sun and Moon from the Nodes; and know- 
Pes. ing that when the Sun is within 17 Degrees of either Node at New 
Moon he muſt be eclipſed; and when the Moon is within 12 Degrees 
of either Node at Full ſhe cannot eſcape an Eclipſe; and that there 
can be no Eclipſes without theſe limits; tis eaſy to examine whether 
the accounts of antient Eclipſes recorded in hiſtory. be true. I ſhall 

take the liberty to examine two of thoſe mentioned in the foregoin 
catalogue, namely, that of the Moon at Babylon on the 19th of March 
in the 72 iſt year before ChRIS HN and. that of the Sun at Athens, on 
the 2oth of March, in the 424th year before CHRIST. : 
The time of Full Moon for the former of theſe Eclipſes is al- 
ready calculated, Page 198, and the time of New Moon for the latter, 
Page 196, both to the O% Style; ſo that we have nothing now to do 
but find the Sun's diſtance from the Nodes the ſame way as e did 
the Anomalies; and if the Full Moon in March 721 years before 
CHRIST was within 12 degrees of either Node, ſhe was, then 
eclipſed; and if the Sun, at the time of New Moon in March 424 
years before CHRIST was within 17 degrees of either Node, he 

mult have been eclipſed at that time. | 


pic of n e ;0 
To find the diſtance of the Sun and Moon from the Nodes, at the time , 
| Full Moon in March, the year before Cux ISH 721, O. S. | 


The years 720 added to 1780 make 2 500, or 25 Centuries. | 


i ; 14 * © 14 
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Sun from Node 


To the mean time of Full Moon in March 1183 Table III. 10 3 1 
Add the diſtance for 1 Lunation ¶ See N. B. Page 19 5 bk GR. | 


and Example III, * 199] — — n 
Sum . — or: 4-41 
From which. ſubtract the Sun s diſtance from the Node 

for 2500 years, Table V- — — . 
Remains the Sun's diſtance from the Node, March 19, 24 
2 1 years before CHRIST — 10 
To which add 6 Signs for the Moon's diſtance; beckuls 
ſhe was then in oppoſition to the Sun —— e 


The Sum is the Moon's diſt. from the Aſcend, Node 118 


That is, ſhe was within half a degree of coming round to it again; 
and therefore, being ſo near, ſne muſt have been totally, and almoſt 


centrally eclipſed. 
E X A MPL E IL 
To find the Sun's diſtance from the Node at the Time of New Moon in March, 
the year before CHRIST 424, O. S. 


The years 423 added to 1777 make 2200, or 22 . 
Sun from 2 


At the mean time of New Moon in March 1777, Tab. I. bY i 22 3 3 3 | 
From which ſubtract the Sun's diſtance from the Node 


for 2200 years, Table “- — — — — 3 6 o 
Remains the Sun's diſtance from the Aſcending Ne 

March 21, 424 years before CHRIST — „ 1 
Which, taken from 6 Signs, the diſtance of the Nodes 

from each other — — —— — 6 . 0 
Leaves the Sun's diſtance at that time from the Deſcend- e 

ing Node, vis. — — — — © 12 27 


Which being leſs than 17 degrees, ſhews that the Sun was then 
eclipſed. And as from theſe ſhort Calculations we find thoſe two an- 
tient Eclipſes taken at a venture, to be truly recorded; it is natural to 


imagine that ſo are all the reſt in the catalogue. 


Here follow AsTRONOMICAL TABLES, for calculating the Times 
of New and FuLL Moons and EcL1PsEs. 


TABLE 


. 
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[TABL I. The mean time of New: Moon in March, the mean Ano- 
maly of the Sun and Moon, the Sun's mean Diſtance from the 
Aſcending Node ; with the mean Longitude of the Sun and Node 
fronr the beginning of the Sign Aries, at the times of all the New 
Moons in March: for 100 years, Old Style. 


2 


____ 
—— 
— 


2 The Sun's The Node's 
© & | New Moon men |: mean Idiſtance from] Longitude : Longitude | 
5 2 '-in March.. |. Anomaly Anomaly. | the Node. | from Aries. | from Aries. 
> © 1 


D. H. M.] 


Mean time of The Sun's | The Moon's The Sun's 


1 = „ 
8 


0 7 


— 
DO 
* 
” 
S 
a 
” 
= 
% 


| ' o / 
— ——_— ——— CO . rm nm —— 


1510 16 34] 4 22 48 


1701027 13 45 


T0 240 26 ict-9 a 
17021016 22 11 rr % ͤ COT 4 
1703] 6 7 23] 8 16 55] 17 4,8 9 20/1 24 37] 3 15 17 
170424 4 55] 9 4 30] 8 23 18] 9g 18 310 13 of 2' 24 57 
%% 13 13: 444 3 23 5% 7 3 69. 26 660 2 177 2 6 11 
Ti PP e 
r ⁰ 4 16. gty MH 12-5240 9 571 'o a7 5x5 
170810 4 54] 8 21 10] 2 28 1g9|11 20 55½˙1 29 140 8 19 
179% 2 2609 9 48|2 3 $6] o 29 380 17 37/71 17 59 
171018 11.16] 8 28 32] 0 JJ 14 


—— — —!:M—³z — 


% 27j10 rn 14 een 26 11110. 10. 28 
1712025 17 36| 9g 8] 9& 29 1o| 2 24 26] 0 14 3449 20 8 
ww 25 451% 5 $581 3 2 29} © 3 50 9 1 21 
171444 11 6: 34 $3]-6 16 45} 3 10 gajir 23 7] 8 22 35 
1715123 8 9 3 37],5 24 22] 4 19 15/0 11 30] 7 22 175 
171611 17 35} 8 21 2664 4 11] 4 27 18} 0 o % 3 29 
WS 1 e 5 5 20[11 20 4 6 14 44 
1718119 23 56 9 6 411 2-. 10 . 36 is 350 #3 T7 ic -26., 54 
11719109 8 45 19 47% 29 24] 6 22 6ʃ11 27 435 5 37 
1720027 6 179 8 95 18. o 49 o 16 6| 4 15 17 
' — — — 

176 „ G18 27 2c] 9 14 4 9 8 V 
1722] 5 23 55] 8 16 4] 7 24 38] 8 16 55/11 24 40 3. 7 45 
1723124 21 27 F 2. o ieee 381 0: n 4E 47 26 
1724413 6 16 24 19] 5 10 Fro” 3 qrf'o 2 221 28 ATP. 
1752 15 48 13 45| 3 19 51% 11 43/11 21 39 1: 9 36 


A 
0 
a 
= 
0 
wa 
* 
— 
0 
2 
wn 
— 
9 0 02 
+ 
— 
— 
— 
un 
un 
Q 
SI 
O 
— 
O 
+ 
uw 


ana 20 Go 6 29| 8 6 63 2 110 14 40] 2 12 39 
#7 32[14- 18 57] 8 25 45 6 15 54] 3 10 30 3 57] & 23 54 
1733] 4 3 45|-8 14 49| 4 25 43] 3. 18 6jaz 23. 148 5 7 
1734/23 1 1862 3 25| 4 1 260] 4 26 49 O 11 37 7 14 48 
1735112 10 7 /// „„ 6. 46 2 


TABLE I. continued. 


—ͤ—— — — 


— — - 
'V 


— 


— 


82 Mean time of The Sun's [The Moon's] The [Sun's | The Sun's The Node 
2 New Moon mean mean I diſtance from Longitude f 
| 5 2 in March. | Anomaly. | Anomaly. | the Node. | from Aries. 
DEP —— — —— — 
1 D. H. M. U 0 74 ® 0 / 5 o / 8 © / J. 
173630 Jo m in en 
1737119 28] 9 o 17]11 26 33] 6 21 380 0 34 5 
1738] 9 a 1748 19 33]10 6 21] 6 29 4z|11 27 51 4 28 
1739 27 22 4919 7 55] 9 11 58] 8 8 241 o 16 14] 4 7 
17400 7 38, 8. 27 11] 7 an 463 8 in 271 © FR TY 3 
E,, 241 6 26 got 9” D210 
1742124 13 59] 9 4 49] 5 7 10 3 12] © ih 10 8 9g $5 
1743113 22 48] 8 24 5 3 16 59J10 14 15] o 2 27] 1 21 12} 
1744 2 5 36]. 8 13 2 1 26 die ww e aet tn ur 
, y WT oe mM 7 o 16 7 
ee \ We . FEA 
1746010 13 58] 8 20 5911 12 13] © 6 3111 29 44111 23 20 
1747129 1 30] 2 21110 17 gol 1 14 45| © 17 47]11 3 2 
1748017 20 19] 8 28 37] 8 27 38] 1 22 49] o 7 41 14 15 
rag] 7 5 818 i 53] 7 7 26] 2 © gy . 25 2h 
, TE RT 
eng 1 29] 8 xx 321 4 28 
1752] 3 20 17] 8 14 47] 3 2 39] 3 25 41/11 23 18] 7 27 37 
r7o$1232 "17. 5ol 9 3g 1 2 B 16's 8 25 0 a RSS 
1964113 z 301 8 „ 26] % 1B ↄͤ s I 27 © Pane Ss 
wee t in 27] 5 mM. qrjfro 37 0 30017 20 16] 5 29 45 
1756119 9 9 o 40 3 301 6 29 13 © B gol 5 9 If 
19567] 8 17 49] 8 19 20] 8 13 18] 7 10 1511 2þ 56 4 20 4 
, . IRS 
17% 8 10 8 2 fs % o oe 36 
1760, s '3 8] 3 16" 15] 4 8 $19 . ET ES 
1761124 6 31] 9 4 35| 3 14 810. 1 47] 0 13 16] 2 2 29 
3262113 15 - 194 8. 23 $424..1.- 43. $6J10- 18 11 ©. A 6ES1.-46 
1763] 3 o 88 13 7 © 3 4416 26 $5311 21 50% © & 57 
176420 21 41] 1 29/11 9 21 © 5 36 © 10 13% 4 37 
176510 6 30] 8 20 46] 9 19 9 0 13 38114 29 30% 1s 52 
1766129 4 29 9 88 24 466 1 22 21] 0 17 53/10 a5 32 
yr is 51 8 28 24] 5 4 ue one b 
1768] 6 21 39 8 17 39 5 14 23] 2 8 2711 26 27 18 1 
6 in 19 1 9 6 #f 4 % e 27 41 
7h, 4 18 25 17 2 29 48] 3 25 1 „ 56} 
2771] 4 12 49| 8 14 33] 1 9g 36| 4 3 16011 23 24] 720 81 
177222 10 224% 2 56] o 15 13] 5 1 49 © 11 47] 6 29 484 
177311 19 10 8 22 110 35 „ „% 3] © [8 a4 6c: $2877 -of 
$774] 1 3 50] 8 nn 25} 9 mD 
W7gh2zo 1 32 8 29 50 8 10 av +6 47 e 
bz TABLE 


215 


Apronomical Tables. 


TABLE I. concluded. 
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Of the fixed Stars. 


HA Tr. XX," 
Of the fined Stars. 


Why the fix- 391. HE Stars are {aid to be fixed, becauſe they have been generally 
22 obſerved to keep at the ſame diſtance from each other: their 
Chen Towel apparent diurnal revolutions being cauſed ſolely by the Earth's turning on 
by the bare its Axis. They appear of a ſenſible n to the bare eye, becauſe 
eye than the retina is affected not only by the rays of light which are emitted 
through a directly from them, but by many thouſands more, which falling upon 
deleſcope - our eyelids, and upon the aerial particles about us, are reflected 
into our eyes ſo ſtrongly as to excite vibrations not only in thoſe points 
of the retina where the real images of the Stars are formed, but alſo 
in other points at ſome diſtance round about. This makes us imagine 
the Stars to be much bigger than they would appear, if we ſaw them 
only by the few rays which come directly from them, ſo as to enter 
our eyes without being intermixed with others. Any one may be ſen- 
ſible of this, by looking at a Star of the firſt Magnitude through a lo 
narrow tubez which, though it takes in as much ef the ſky as would 
Hold a thouſand ſuch Stars, yet ſcarce renders that one: viſible. 

The more a teleſcope magnifies, the leſs is the aperture through 
which the Star is ſeen; and conſequently the fewer rays it admits into 
A proof that the eye. Now ifince the Stars appear deſs in a teleſcope which mag- 
or _ by nifies 200 times than they do to the bare eye, inſomuch that they ſeem 
lght. to be only indiviſible points, it proves at once both that the Stars are 

at immenſe diſtances from us, and that they ſhine bytheir own proper 
light. If ithey ſhone by borrowed light they would be as ipviſihle 
| ut teleſoopes as the Satellites of Jupiter are: for theſe. Satellites 
appear bigger when viewed with a good teleſcope than the largeſt 

fixed Stars do, © | | 
392. The number of Stars diſqoverable, in either Hemiſphere, by 
the naked eye, is not above a thouſand. This at firſt may appear in- 
credible, becauſe they ſeem tobe Without number: But the deception 
Their num- | ariſes from our looking confuſedly upon them, without reducing them 
bor much des into any order. For Took but ſtedfulth upon a pretty large portion of 
rally imagin- the fly, and count the number of Stars in it, you will be ſurpriſed to 
ed. find them ſo few. Or, if one conſiders how ſeldom the Moon meets 
with any Stars in her way, although there are as many about her Path 
as in other parts of the NN Milky way excepted) he will ſoon 
he convinced that the Stars are much thinner ns Ian ho Was aware 


of, 
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ef. The Britiſb catalogue, which; beſides een n 
eye, includes a great number which cannot be feen without the af- 
fltance of a teleſcope, contains no more than 3000, in both Hemi- 

res. 

93. As we have incomparably more light from the Moon chan The « abſurdi- 
from all the Stars together, it were the —_ abſurdit 8 908 of — 
that the Stars were made for no other purpoſe than to caſt # yew ht wen nad 

the Earth: eſpecially ſinee many more require the affiſtanee of a only to en- 
good teleſcope to find them out, than are viſible without that Inſtru- I nat 
ment. Our Sun is ſurrounded by a ſyſtem of Planets and Comets; alk 
which would be inviſible from the neareſt fixed Star. And from what 
we already know of the immenſe diſtance of the Stars, the neareſt 
may be computed at 32,000,000,000,000 of miles from ns, which is 
more than a cannon bullet would fly in 7,000,000 of years. Hence 
tis eaſy to prove, that the Sun ſeen from ſuch a diſtance, would appear 
no bigger than a Star of the firſt magnitude. From all this it is highly 
probable that each Star is a Sun to a ſyſtem of worlds moving round 
it though unſeen by us; eſpecially, as the doctrine of a plurality of 
worlds is rational, and greatly manifeſts the Power, Wiſdom, and: 
Goodneſs of the great Creator. 
394. The Stars, on account of their thy various magnitudes, Their diffe- 

have been diſtributed into ſeveral clafſes or orders. Thoſe which appear ent __—__ 
_ largeſt are called Stars of the 2. magnitude; the next to them in luſtre, | 
Stars of the ſecond magnitude, and fo on to the /ixth, which are the 
ſmalleſt that are viſible to the bare eye. This diſtribution having 
been made long before the invention of teleſcopes, the Stars which: 
cannot be ſeen without the aſſiſtance of theſe inſtruments are diſtin-- 
guiſhed — name of Teleſcopic Stars. 

395. antients divided the ſtarry Sphere into particular Conſtel- And divifon 
lations, or Syſtems of Stars, according as they lay near one another, Inte Conltel- 
fo as to handy thoſe ſpaces which the figures of different ſorts of ani- 
mals or things would take up, if they were there delineated. And 
thoſe. Stars which could not be brought into any particular Conſtel- 
lation were called «formed Stars. 

396. This diviſion of the StarsintodifferentConſtellations orAſteriſms; The uſe of 
ſerves to diſtinguiſh them from one another, ſo that any particular Star his divifon. 
may be readily found in the Heavens by means of a Celeſtial Globe; 
on which the Conſtellations are ſo delineated as to put the moſt remark- 
able Stars into ſuch parts of the figures as are molt eaſily diſtinguiſhed. 

The number of the antient Conſtellations is 48, and upon our preſent 


Globes about 70, On Senex's Globes are inſerted Bayer's Letters ; 5 | 
I: rt . 
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The manner 
of dividing it 
by the 
Antients. 
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firſt in the Greek Alphabet being put to the biggeſt Star in each Con- 
ſtellation, the ſecond to the next, and ſo on: by which means, every 
Star is as eaſily found as if a name were given to it. Thus, if the 
Star / in the Conſtellation of the Ram be mentioned, every Aſtronomer 
knows as well what Star is meant as if it were pointed out to him in 
the Heavens: | N ef Jig. ark +l) ths: Tre) 
397. There is alſo a diviſion of the Heavens into three parts. 
I. The Zodiac, (gudiare .) from god Zodion an Animal, becauſe 
moſt of the Conſtellations in it, which are twelve in number, are the 
figures of Animals: as Aries the Ram, Taurus the Bull, Gemini the 
Twins, Cancer the Crab, Leo the Lion, Virgo the Virgin, Libra the 
Balance, Scorpio the Scorpion, Sagittarius the Archer, Capricornus the 
Goat, Aquarius the Water-bearer, and Piſces the Fiſhes. The Zodiac 
goes quite round the Heavens: it is about 16 degrees broad, ſo that it 
takes in the Orbits of all the Planets, and likewiſe the Orbit of the 
Moon. Along the middle of this Zone or Belt is the Ecliptic, or 
Circle which the Earth deſcribes annually as ſeen from the Sun; and 
which the Sun appears to deſcribe as ſeen from the Earth. 2. All 
that Region of the Heavens, which is on the north ſide of the Zodiac, 
containing 21 Conſtellations. And 3. that on the ſouth fide, contain- 
ing . f | P99 
bY The antients divided the Zodiac into the above 12 Conſtellations 
or Signs in the following manner. They took a. veſſel with a ſmall 
hole in the bottom, and having filled it with water, ſuffered the ſame 
to diſtil drop by drop into another Veſſel ſet beneath to receive it; be- 
ginning at the moment when ſome Star roſe, and continuing until it 
roſe the next following night. The water fallen down into the receiver 


they divided into twelve equal parts; and having two other ſmall veſſels 


in readineſs, each of them fit to contain one part, they again poured 
all the water into the upper veſſel, and ſtrictly obſerving the riſing of 
ſome: Star in the Zodiac, they at the ſame time ſuffered the water to 
drop into one of the ſmall veſſels; and as ſoon as it was full, they 
ſhifted it and ſet an empty one in it's place. By this means, when 
each veſſel was full, they obſerved what Star of the Zodiac roſe; and 
though not poſſible in one night, yet in many, they obſerved the 
riſing of twelve Stars, by- which they divided the Zodiac into twelve 
parts. j _...* . 5 


399. The names of the Conſtellations, and the number of Stars 
obſerved in each of them by different Aſtronomers, are as follows. 


x The 


i 


The antient Conſtellations. 


Urſa minor 

Urſa major 

Draco 

Cepheus 

Bootes, Arctophilax 
Corona Borealis 
Hercules, Engonaſin 
Lyra 

Cygnus, Galling 
Caſſiopea * 
Perſeus 

Auriga 
Serpentarius, Ophiuchus 
Serpens 

Sagitta 

Aquila, Vultur 
Antinous 
Delphinus 
Equulus, Eęui ſectio 
Pegaſus, Equus 
Andromeda 
Triangulum 

Aries 

Taurus 


Coma Berenices 
Virgo 

Libra, Chelæ 
Scorpius 
Sagittarius 
Capricornus 
Aquarius 

Piſces 

Cetus 

Orion 

Eridanus, Fluvius 
Lepus 

Canis major 
Canis minor 
Argo Navis 
Hydra 

Crater 

Corvus 
Centaurus 
Lupus 

Ara | 
Corona Auſtralis 
Pifces Auſtralis 


2 


* 


Of the fixed Stars. 


The Little Bear 8 
The Great Bear 35 


The Dragon 31 


Cepheus 3 


2 
The northern Crown 5 
Hercules kneeling 29 


The Harp :=— mg 
The Swan 19 
The Lady in her Chair 13 
Perſeus 29 
The Waggoner 14 
Serpentarius 29 
The Serpent 18 
The Arrow 5 
The Eagle? 
Antinous 15 
The Dolphin 10 


The Horſe's Head 4 
The Flying Horſe 20 


Andromeda 23 
The Triangle 4 
The Ram 18 
The Bull 4.4. 
The Twins 25 
The Crab 23 
The Lion | 
Berenice's Hair c 35 
The Virgin 32 
The Scales 17 
The Scorpion 24 
The Archer 31 
The Goat 28 
The Water-bearer 45 

- The Fiſhes 38 
The Whale 22 
Orion 38 
Eridanus, the River 34 
The Hare 12 


The Great Dog 29 


The Little Dog 2 


- The Ship 45 

The Hydra 27 
The Cup , 
The Crow 7 
The Centaur 37 
The Wolf 19 
The Altar 


The ſouthern Crown 1 
The ſouthern Fiſh 1 
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Of the fixed Stars. 
The New Southern Conſtellations. 


Columba Noachi Noah's Dove $0; 
Robur Carolinum 'The Royal Oak a2 
Grus 'The Crane 13 
Phoenix The Phenix 13 
Indus The Indian 12 
Pavo The Peacock 14. 
Apus, Avis Indica The Bird of Paradiſe 11 
Apis, Muſca The Bee or Fly "© 
4 The Chameleon 10 
Triangulum Auſtralis The South Triangle 5 
Piſcis volans, Paſſer The Flying Fiſh 8 
Dorado, Xiphias The Sword Fiſh 6 
Toucan The American Gooſe 
Hydrus The Water Snake 10 


Hevelius's Conſtellations made out of the unformed Stars. 
be Hevelius. Flamſteed. 


Lynx The Lynx I9 4 
Leo minor The Little Lion 53 
Aſterion & Chara The Greyhounds 23 25 
Cerberus / Cerberus 4. 
Vulpecula & Anſer The Fox and Gooſe 27 35 
Scutum Sobieſki Sobieſki's Shield 7 
Lacerta The Lizard | i .- 16 
Camelopardalus The Camelopard . 
Monoceros The Unicorn 19 31 
Sextans * The Sextant „ 41 


400. There is a remarkable track round the Heavens, called the 
Milky Way from its peculiar whiteneſs, which is owing to a great 
number of Stars ſcattered therein; none of which can be diſtinctly 
ſeen without teleſcopes. This track appears ſingle in ſome parts, in 


others double. 


401. There are ſeveral little whitiſh ſpots in the Heavens, which 
appear magnified, and more luminous when ſeen through teleſcopes ; 
yet without any Stars in them. One of theſe is in Andromeda's girdle, 
firſt obſerved A. D. 1612, by Simon Marius; and which has ſome 
whitiſh rays near its middle: it is liable to ſeveral changes, and is 
ſometimes inviſible. Another is near the Ecliptic, between the head 

2 | | and 
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and bow of Sagittarius: it is ſmall, but very luminous. A third is on 
the back of the Centaur, which is too far South to be ſeen in Britain. 
A fourth, of a ſmaller ſize, is before Antinouss right foot; having a 
Star in it, hich makes it appear more bright. A fifth is in the Con- 
ſtellation of Hercules, between the Stars & and , which ſpot, though 
but ſmall, is viſible to the bare eye if the ſky be clear and the Moon 
abſent. 
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402. Cloudy Stars are fo called from their miſty appearance. They Cloudy Stars. 


look like dim Stars to the naked eye; but through a teleſcope they 
appear broad illuminated parts of the ſky; in ſome of which is one 
Star, in others more. Five of theſe are mentioned by Prolemy. 
1. One at the _— of the right hand of Perſeus. 2. One in 
the middle of the Crab. 3. One unformed, near the Sting of the 
Scorpion. 4. The eye of Sagittarius. 5. One in the head of Orion. 
In the firſt of theſe appear more Stars through the teleſcope than in 
any of the reſt, although 21 have been counted in the head of Orion, 
and above 40 in that of the Crab. Two are viſible«in the eye of Sa- 
gittarius without a teleſcope, and ſeveral more with it. Flamfteed 
obſerved a cloudy Star in the bow of Sagittarius, containing many 
ſmall Stars: and the Star 4 above Sagittary's right ſhoulder is encom- 
paſſed with ſeveral more. Both Caſſini and Flamſieed diſcovered one 
between the Great and Little Dog, which is very full of Stars viſible 
only by the teleſcope. The two whitiſh ſpots near the South Pole, 


called the Magellanic Clouds by Sailors, which to the bare eye reſemble Magellanic 
part of the Milky-Way, appear through teleſcopes to be a mixture of Clouds. 


ſmall Clouds and Stars. But the moſt remarkable of all the cloudy 
Stars is that in the middle of Orion's Sword, where ſeven Stars (of 
which three are very cloſe together) ſeem to ſhine through a cloud, 
very lucid near the middle, but faint and ill defined about the edges. 
It looks like a gap in the ſky, through which one may ſee (as it were) 
part of a much brightet region. Although moſt of theſe ſpaces are but 
a few minutes of a degree in breadth, yet, ſince they are among the 
fixed Stars, they muſt be ſpaces larger than what is occupied by our ſolar 
Syſtem; and in which there ſeems to be a perpetual uninterrupted 
day among numberleſs Worlds which no human art ever can diſcover. 


4.03. ſeveral Stars are mentioned by antient Aſtronomers, which are Gay by: 
not now to be found; and others are now viſible to the bare eye which 


are not recorded in the antient catalogues. .Hpparchus obſerved a new 
Star about 120 years before CuRISH but he has not mentioned in what 
part of the Heavens it was ſeen, although it occaſioned his making a 


catalogue of the Stars; which is the moſt antient that we have. 
H h 2 | The 
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New Stars, 


Cannot de 
Comets. 


\ 
Of new Periodical Stars. 


The firſt New Star that we have any good account of, was diſcovered 
by Cornelius Gemma on the 8th of November A. D.. 1572, in the Chair 
of Caſſiopea. It ſurpaſſed Sirius in brightneſs and magnitude; and 
was ſeen for 16 months ſucceſſively. At firſt it appeared bigger 
than Jupiter to ſome eyes, by which it was ſeen even at mid-day : after- 
wards it decayed gradually both in magnitude and luſtre, until March 
1573, when it became inviſible. 

On the 13th of Auguſt 1596, David Fabricius obſerved the Stella 
Mira, or wonderful Star, in the Neck of the. Whale; which has been 
tince: found to appear and diſappear periodically, ſeven times in fix 
years, continuing in its greateſt luſtre for 15 days together; and is 
never quite extinguiſhed. N 

In the year 1600, William Janſenius diſcovered a changeable Star in 
the Neck of the Swan; which, in time became ſo ſmall as to be 
thought to diſappear entirely, till the years 1657, 1658, and 1659, 
when it recovered its former luſtre and magnitude; but ſoon decayed, 
and is now of the ſmalleſt ſize. | 

In the year 1604 Kepler and ſeveral of his friends ſaw a new Star 
near the heel of the right foot of Serpentarius, fo bright and ſparkling 
that it exceeded any thing they had ever ſeen before; and took notice 
that it was every moment changing into ſome of the colours of the 
rainbow, except when it was near the horizon, at which time it was 
generally white. It ſurpaſſed Jupiter in magnitude, which was near it 
all the month of O#ober, but eaſily diſtinguiſhed from it by a ſteady 
light. It diſappeared between October 1605 and the February following, 
and has not been ſeen ſince that time. 

In the year 1670, Juy 15, Hevelius diſcovered a new Star, which 
in October was ſo decayed as to be ſcarce perceptible. In April follow- 
ing it regained its luſtre, but wholly diſappeared in Auguſt. In March 
1672 it was ſeen again, but very ſmall; and has not been viſible 


_ fiance. 


In the year 1686 a new Star was diſcovered by Kirch, which re- 
turns periodically in 404 days. 

In the year 1672, Caſſini ſaw a Star in the Neck of the Bull, which 
he thought was not viſible in Tych9's time; nor when Bayer made his 
Figures. | 5h 

404. Many Stars, beſides thoſe above-mentioned, have been ob- 
ſerved to change their magnitudes : and as none of them could ever 
be perceived to have tails, tis plain they could not be Comets; eſpe- 
cially as they had no parallax, even when largeſt and brighteſt. It 
would ſeem that the periodical Stars have vaſt cluſters of dark ſpots, 
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Of Changes in the Heavens. 


and very flow rotations on their Axis; by which means, they muſt 
diſappear” when the ſide covered with ſpots is turned towards us. 
And as for thoſe which break out all of a ſudden with ſuch luſtre, 
'tis by no means improbable that they are Suns whoſe: Fuel is almoſt 
ſpent, and again ſupplied by ſome of their Comets falling upon them, 
and occaſioning an uncommon blaze and ſplendor for ſome time: 
which indeed appears to be the greateſt uſe of the cometary part of 
any ſyſtem *. i N 
Some of the Stars, particularly Arcturus, have been obſerved to 
change their places above a minute of a degree with reſpect to others. 
But whether this be owing to any real motion in the Stars themſelves, 


237 


muſt require the obſervations of many ages to determine. If our ſolar some Stars 
Syſtem changeth its Place, with regard to abſolute ſpace, this muſt” in —_ thei 
ES, 


proceſs of time occaſion an apparent change in the diſtances of the 
Stars from each other: and in ſuch a caſe, the places of the neareſt 
Stars to us being more affected than of thoſe which are very remote, 
their relative poſitions muſt ſeem to alter, though the Stars themſelves 
were really immoveable. On the other hand, if our own ſyſtem be 
at reſt, and any of the Stars in real motion, this muſt vary their po- 
ſitions; and the more fo, the nearer they are to us, or the Wifter their 
motions are; or the more proper the direction of their motion is, for 


our perception. . 


405. The obliquity of the Ecliptic to the Equinoctial is found at The Ecliptic 


reſent to be above a third part of a degree 'leſs than Prolemy found i 
And moſt of the obſervers after him found it to decreaſe gradually 


t. leſs oblique 


w to the 


quator than 


down to Tycho's time. If it be objected, that we cannot depend on the formeily. 


obſervations of the antients, becauſe of the incorrectneſs of their In- 
ſtruments; we have to anſwer, that both Tycho and Flam/teed are 
allowed to have been very good obſervers: and yet we find that Hamſtecd 
makes this obliquely 24 minutes of a degree leſs than Tycko did, about 
100 years before him: and as Ptolemy was 1324 years before Hobo, 


* M. Aan pertuis, in his diſſertation on the figures of the Celeſtial Bodies (p. 61—63) 
is of opinion that ſome Stars, by their prodigious quick- rotations on their Axes, may 
not only aſſume the figures of oblate ſpheroids, but that by the great centrifugal force, 
ariſing from ſuch rotations, they may become of the figures of mill-ſtones; or be re- 
duced to flat circular planes, fo thin as to be quite inviſible when their edges are 
turned towards us; as Saturn's Ring is in ſuch poſitions. But when very excentric 
Planets or Comets go round any flat Star, in Orbits much inelined to it's Equator, the 
attraction of the Planets or Comets in their perihelions muſt alter the inclination of the 
Star; on which account it will appear more or leſs large. and luminous as it's broad 
fide is more or leſs turned towards us. And thus he imagines we may account for 
the apparent changes of magnitude and luſtre in thoſe Stars, and likewife for their 


appearing and diſappearing. 


fo. 
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ſo the gradual decreaſe anſwers nearly to the difference of time between 
theſe three Aſtronomers. If we conſider, that the Earth is not a per- 
fect ſphere, but an oblate ſpheriod, having its Axis ſhorter than its 


' Equatoreal diameter; and that the Sun and Moon are conſtantly acting 


obliquely upon the greater quantity of matter about the Equator, pull- 
ing it, as it were, towards a nearer and nearer oo- incidence with the 
Ecliptic; it will not appear improbable that theſe actions ſhould gra- 
dually diminiſh the Angle between thoſe Planes. Nor is it leſs pro- 
bable that the mutual attractions of all the Planets ſhould have a 
tendency to bring the planes of all their Orbits to a co- incidence: but 
this change is too ſmall to become ſenſible in many ages. 


. 


Of the Divifom of Time. A perpetual Table of ew 
Moons. The Times of the Birth and Death of CHRIST. 
Fable of remarkable Aras or Events. 


406 6 & HE parts of time are Seconds, Minutes, Hours, Days, Years, 
Cycles, Ages, and Periods. | 

407 · The original ſtandard, or integral meaſure of Time, is a year; 
which is determined by the Revolution of ſome Celeſtial Body in 
its Orbit, vig. the Sun or Moon. 

408. The time meaſured by the Sun's Revolution in the Ecliptic, 
from any Equinox or Solſtice to the ſame again, is called the Solar or 
Tropical Year, which contains 365 days 5 hours 48 minutes 57 ſe- 
conds; and is the only proper or natural year, becauſe it always keeps 
the ſame ſeaſons to the fame months. 5 

409. The quantity of time, meaſured by the Sun's Revolution as 
from any fixed Star to the ſame Star again, is called the Sidereal Year ; 
which contains 365 days 6 hours 9g minutes 14+ ſeconds; and is 20 
minutes 17 ſeconds longer than the true Solar Year. | 

410. The time meaſured by twelve Revolutions of the Moon, from 
the Sun to the Sun again, is called the Lunar Near; it contains 3 54 days 
8 hours 48 minutes 37 ſeconds; and is therefore 10 days 21 hours 
o minutes 20 ſeconds ſhorter than the Solar Year. This is the foun- 
dation of the Epact. 

411. The Cuil Near is that which is in common uſe among the 
different nations of the world ; of which, ſome reckon by the Lunar, 
but moſt by the Solar. The Civil Solar Year contains 365 days, for 


three 
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three years running, which are called Common Wars; and then comes 
in what is called the Biſſextile or Leap-Year, which contains 366 
days. This is alſo called the Julian Nar on account of Julius Cæſar, 
who appointed the Intercalary-day every fourth year, thinking thereby 
to make the Civil and Solar Vear keep pace together. And this day, 
being added to the 23d of February, which in the Roman Calendar, 
was the fixth of the Calends of Marth, that fixth day was twice reckoned, 
or the 23d and 24th were reckoned, as one day; and was called Bi- 
ſextus dies, and thence came the name Bzſſextile for that year. But in 
our common Almanacks this day is added at the end of February. 
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412. The Civil Lunar Year is allo common or intercalary. The Lunar Year. 


common Year conſiſts of 12 Lunations, which contain 354 days; 
at the end of which, the year begins again. The Hitercalary, or 
Embolimic Year is that wherein a month was added, to djuft the 
Lunar Year to the Solar. This method was uſed by the Jews, who 
kept their account by the Lunar Motions. But by intercalating no 
more than a month of 30 days, which they called Ve-Adar, every 
third year, they fell 3+ days ſhort of the Solar Year in that time. 


413. The Romans alſo uſed the Lunar Embolimic Year at firſt, as it Reman Year, 


was ſettled by Romulus their firſt King, who made it to confiſt only 
of ten months or Lunations; which fell 61 days ſhort of the Solar 


Year, and fo their year became quite vague and unfixed ; for which 


reaſon, they were forced to have a Table publiſhed by the High Prieſt, 
to inform - Sol when the ſpring and other ſeaſons began. But Julius 


Cæſar, as already mentioned, F 411, taking this troubleſome affair 


into conſideration, reformed the Calendar, by making the year to 
conſiſt of 365 days 6 hours. is | | 


414. The year thus ſettled, is what we ſtill make uſe of in Britain: The original 


but as it is ſomewhat more than 11 minutes longer than the Solar 
Tropical Year, the times of the Equinoxes go backward, and fall earlier 
by one day in about 130 years. In the time of the Nicene Council 
(A. D. 325.) which was 1431 years ago, the vernal Equinox fell on 
the 21ft of March: and, if we divide 1431 by 130, it will quote 
I1, which is the number of days the Equinox has fallen back ſince 


the Council of Nice. This cauſing great diſturbances, by unfixing the 


times of the celebration of Eaſter, and conſequently of all the other 


moveable Feaſts, Pope Gregory the 13th, in the year 1582 ordered 
ten days to be at once ſtruck out of that year; and the next day after 


the fourth of Ofober was called the fifteenth. By this means the 
vernal Equinox was reſtored to the 21ſt of March; and it was en- 


deavoured, by the omiſſion of three intercalary days in 400 years, 
| | to 


of the Grego- 
rian, or New 
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to make the civil or political year keep pace with the Solar for time 


to come. This new form of the year is called the Gregorian 2 


or New Style; which is received in all Countries where the Po 
Authority is acknowledged, and ought to be in all places where 
truth is regarded. 

415. The principal diviſion of the year is into Months, which are 
of two ſorts, namely A/fronomical and Civil. The Aſtronomical month 
is the time in which the Moon runs through the Zodiac, and is 
either Periodical or. Synodical. The Periodical Month is the time ſpent 
by the Moon in 5 one compleat Revolution from any point of 
the Zodiac to the ſame again; which is 27 7* 43”. The Synodical 
Month, called a Lunation, is the time contained between the Moon's 
parting with. the Sun at a Conjunction, and returning to him again; 
which is in 29% 12 44”. The Civil Months are thoſe which are 
framed for the uſes of Civil life; and are different as to their names, 
number of days, and times of beginning, in ſeveral different Countries. 
The firſt month of the Jew!/b Lear fell according to the Moon in 
our Auguſt and ende: Old Style; the ſecond in September and 
October, and fo on. The firſt month of the Egyptian Year began on 
the 29th of our Auguſt. The firſt month of = Arabic and Turkiſh 
Year began the 16th of July. The firſt month of the Grecian Year fell 
according to the Moon in June and July, the ſecond in July and Auguſt, 
and ſo on, as in the following Table. 


N The Jewiſh year. | Days || No The Egyptian year. Days 
1 Tiftri - Aug. —Sept | 30 || 1 | Thoth | Auguſt 29 30 
2 | Marcheſvan ——DD— Sept. — Oct | 29 || 2 |Paophi Septemb. 28 30 
3 [Caſleu- Oct. —- Nov.] 30 [| 3 Athir — October 28 30 
4 | Tebeth | Nov. —Dec. | 29 || 4 | Chojac —- Novemb.27| 30 
5 |Shebat — Dec. —Jan. | 3o || 5 | Tybi — Decemb. 27 30 
6 Adar — Jan, — Feb.] 29 6 | Mechir — January 26| 30 
7 Niſan or Abib ——= Feb. Mar. 30 | 7 |Phamenoth Februar, 25| 30 
8 | Jiar Mar. —Apr.| 29 || 8 |Parmuthi ——<——— March 27 30 
9 | Sivan April —May| 3o || 9 |Pachon April 26 30 
10 | Tamuz May —June| 29 [10 [Payni May 26 30 
11 Ab | 5 — july] 30 [ii [Epiphi June 25 30 
12 | Elul uly —Aug.| 29 [12 |Meſori July 25 30 
Days in the year 354 || FEpagomene or days added — 5 

In the Embolimic year after Adar they added a || Days in the year 365 

month « called Ve- Adar of 30 days. | ; 1 


No 
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TN» "The bi and 7 urkiſh year. [Days N. The ancient Greeian year, 
8 18 June July 30 


1 [Muharram July 16] 30 || 1 Hecatombzon 
- July —Aug. ] 29 


— — | 


ſeaſons. ; 


” WT 


0 

I 

2 |Saphar — Auguſt 15 29 || 2 [Metagitnion 

3 [Rabia J. —— Feptemb. 13] 30 || 3 [Boedromion Aug. —Sept.Þ 30 
4 |Rabia II. October 13 29 4 |Pyaneplion —— Sept. — Oct. 29 
5 | Jomada J. Novemb. 11| 30 || 5. Mæmacterion - Oct. —Nov.| 30. 
6 |Jomada II. — Decemb. 11 29 6 [Poſideonnĩꝑ . Nov. —Dec. | 29 
7 |[Rajab January 9 30 || 7 |Gamelion ————LDD-- Dec. —Jan. | 30 
8 Shaſban - February 8| 29 || 8 | Antheſterion -—— Jan. —Feb. | 29 
9 [Ramadan March 9 30 || 9 [Elapheloblion Feb. —Mar.] 30 
10 [Shawal -— April 8 29 }[10 |Munichion - Mar. —Apr.| 29 
11 |Dulhaadah -: May 7| 30 |[11 | Thargelion April —May | 30 
12 |Dulheggia june 5| 29 |[12 |Schirrophorion - May —June | 29 

Days in the year ——— 354 | Days in the year — 354 

The Arabiaus add 11 days at the end of every year, which keep the ſame months to the ſam 


into ſeven parts called Days; ſo that in a Julian Year there are 13 


ſuch Months, or 52 Weeks, and one Day over. The Gentiles gave 
the names of the Sun, Moon, and Planets to the Days of the Week, 


To the firſt, the Name of the Sun; to the ſecond, of the Moon; to 
the third, of Mars; to the fourth, of Mercury; to the fifth, of Jupiter; 


and to the ſixth, of Saturn. 
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416. A month is divided into four parts called Weeks, and a Week Weeks, 


417. A Day is either Natural or Artificial. The Natural Day Day, 


contains 24 hours; the Artificial the time from Sun-riſe to. Sun-ſet. 
The Natural Day is either Aftronomical or Civil. The Aſtronomical 
Day begins at Noon, becauſe the increaſe and decreaſe of Days 
terminated by the Horizon are very unequal among themſelves ; 
which inequality is likewiſe augmented by the inconſtancy of the 
horizontal Refractions $ 183: and therefore the Aſtronomer takes 
the Meridian for the limit of diurnal Revolutions ; reckoning Noon, 
that is the inſtant when the Sun's Center is on the Meridian, for the 
beginning of the Day. The Britiſb, French, Dutch, Germans, Spa- 
niarde, Portugueſe, and Egyytians, begin the Civil Day at mid- night: 
ews, Bohemians, Silefians, with the modern Ta- 


the antient Greeks, 7, 


lians, and Chineſe, begin it at Sun-ſetting : And the antient Babylamans, 
Perſians, Syrians, with the modern Greeks, at Sun-riſing, 


418. An Hour is a certain determinate part of the Day, and is either Hours. | 


equal or unequal. An equal Hour is the 24th part of a mean natural 
Day, as ſhewn by well regulated Clocks and Watches; but thoſe 


Hours are not quite equal as meaſured by the returns of the Sun to the 
Meridian, becauſe of the obliquity of the Ecliptic and Sun's unequal 
| 1 "ml | 


motion 
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motion in it & 224—245. Unequal Hours are thoſe by which the 
Artificial Day is divided into twelve Parts, and the Night into as 
many, | | + 28 
Minutes, Se- 47 9. An Hour is divided into 60 equal parts called Minutes, a mi- 
3 nute into 60 equal parts called Seconds, and theſe again into 60 equal 
parts called Thirds, The Jews, Chaldeans, and Arabians, divide the 
Hour into 1080 equal parts called Scrupies; which number contains 
18 times 60, ſo that one minute contains 18 Scruples. 
Cycles, ofthe 420. A Cycle is a perpetual round, or circulation of the ſame pa:ts 
8 of time of any ſort. The Cycle of the Sun is a revolution of 28 years, 
in which time, the days of the months return again to the ſame days 
of the week; the Sun's Place to the fame Signs and Degrees of the 
Ecliptic on the fame months and days, to as not to differ one. degree 
in 100 years; and the leap-years begin the ſame courſe over again with 
reſpect to the days of the week on which the days of the months fall. 
The Cycle of the Mecon, commonly called the Golden Number, is a re- 
volution of 19 years; in which time, the Conjunctions, Oppoſitions, 
and other Aſpects of the Moon are within an hour and half of being 
the ſame as they were on the ſame days of the months 19 years before. 
The Indi#10n is a revolution of 15 years, uſed only by the Romans 
for indicating the times of certain payments made by the ſubjects to the 
republic: It was eſtabliſhed by Conſtantine, A. D. 312. 
To find be 421. The year of our Sa vrouk's Birth, according to the vulgar ra, 
_ theſe was the gth year of the Solar Cycle; the firſt year of the Lunar Cycle; 
Ort and the 31 2th year after his birth was the firſt year of the Roman Indic- 
tion. Therefore, to find the year of the Solar Cycle, add 9 to any 
given year of CxR1sT, and divide the ſum by 28, the Quotient is the 
number of Cycles elapfed fince his birth, and the remainder is the 
Cycle for the given year: if nothing remains, the Cycle is 28. To 
find the Lunar Cycle, add 1 to the given year of CHRIST, and divide 
the ſum by 19; the Quotient is the number of Cycles elapſed in the 
interval, and the remainder is the Cycle for the given year : if nothing 
remains, the Cycle is 19. Laſtly, ſubtract 312 from the given year 
of Car1sT, and divide the remainder by 15; and what remains after 
this diviſion is the Indiction for the given year: if nothing remains, the 
Indiction is 15. | 
The deßei- 422. Although the above deficiency in the Lunar Cycle of an hour 
1 and half every 19 years be but ſmall, yet in time it becomes ſo enſible 
and conſe- as to make a whole Natural Day in 3 o years. So that, although this 
Ae there. Cycle be of uſe, when rightly placed againſt the days of the month, 
: in the Calendar, as in our Common Prayer Books, for finding the _— 
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of the mean Conjunctions or Oppoſitions of the Sun and Moon, and 
conſequently the time of Eafter; it will only ſerve for 3 10 years Old Style. 
For as the New and Full Moons anticipate a day in that time, the 
Golden Numbers ought to be placed one day earlier in the Calendar 
for the next 3 10 years tb come. Theſe Numbers were rightly placed 
againſt the days of New Moon in the Calendar, by the Council of 
Nice, A. D. 325; but the anticipation which has been neglected ever 
ſince, is now grown almoſt into 5 days: and therefore, all the Golden 
Numbers ought now to be placed 5 days higher in the Calendar for the 
O. S. than they were at the time of the ſaid Council; or fix days lower 
for the New Style, becauſe at preſent it differs 11 days from the Old. 
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423. In the annexed Table, How to find 


the Golden Numbers under d 


the months ſtand againſt the by the Golden 
days of New Moon in the left Number. 


hand column, for the New 
Style; adapted chiefly to the 
ſecond year after leap-year as 
being the neareſt mean for all 
the four; and will ſerve till 
the year 1900. Therefore, 
to find the day of New Moon 
in any month of a given year 
till that time, look for the 
Golden Number of that year 
under the deſired month, and 
againſt it, you have the day 
of New Moon in the left 
hand column. Thus, ſup- 
pole it were required to find 
the day of New Moon in 
September 1757 ; the Golden 
Number for that year is 10, 
which I look for under Sep- 
tember and right againſt it in 
the left hand column I find 
13, which is the day of New 
Moon in that month. N. B. 
If all the Golden Numbers, 
except 17 and 6, were ſet 
one. day lower in the Table, 
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it would ſerve from the beginning of the year 1900 till the end of the 
ear 2199. The firſt Table after this chapter ſhews the Golden Num- 
ba for 4000 years after the birth of CuRIST, by looking for the even 
hundreds of any given year at the left hand, and for the reſt to make 
up that year at the head of the Table ; and where the columns meet, 
you have the Golden Number (which is the ſame both in Old and New 
Style) for the given year. Thus, ſuppoſe the Golden Number was 
wanted for the year 1757; I look for 1700 at the left hand of the 
Table, and for 57 at the top of it; then guiding my eye downward 
from 57 to over againſt 1700, I find 10, which is the Golden Number 
for that year. 158 | 

424. But becauſe the lunar Cycle of 19 years ſometimes includes 
five leap-years, and at other times only four, this Table will ſome- 
A perpetual times vary a day from the truth in leap-years after February. And 
r ue it is impoſſible to have one more correct, unleſs we extend it to four 
Moon to the times 19 or 76 years; in which there are 19 leap years without a 
neareſt hour, remainder. But even then to have it of perpetual uſe, it muſt be 
we, , adapted to the Old Style, becauſe in every centurial year not diviſible by 
4, the regular courſe of leap-years is interrupted in the New; as will 
be the caſe in the year 1800. Therefore, upon the regular Old Style 
plan, I have computed the following Table of the mean times of all 
the New Moons to the neareſt hour for 76 years; beginning with the 

year of CHRIST. 1724, and ending with the year 1800. 
This Table may be made perpetual, by deducting 6 hours from the 
time of New Moon in any given year and month from 1724 to 1800, 
in order to have the mean time of New Moon in any year and month 
76 years afterward; or deducting 12 hours for 152 years, 18 hours 
for 228 years; and 24 hours for 304 years, becauſe in that time the 
changes of the Moon anticipate almoſt a complete natural day. And 
if the like number of hours -be added for ſo many years paſt, we ſhall 
have the mean time of any New Moon already elapſed. Suppoſe, for 
example, the mean time of Change was required for January 1802 ; 
deduct 76 years and there remains 1726, againſt which in the following 
Table under January I find the time of New Moon was on the 211. 
day at 11 in the evening: from which take 6 hours and there remains 
the 2 iſt day at 5; in the evening for the mean time of Change in January 
1802. Or, if the time be required for May, A. D. 1701, add 76 
years and it makes 1777, which I look for in the Table, and againſt it 
under May I find the New Moon in that year falls on the 2 5th day at 
9 in the evening; to which add 6 hours, and it gives the 26th day at 
3 in the Morning for the time of New Moon in May, A. D. 1701. 
| By 
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By this addition for time paſt, or ſubtraction for time to come, the 
Table will not vary 24 hours from the truth in, leſs than 14592 years, 
And if, inſtead of 6 hours for every 76 years, we add or ſubtract only 
5 hours 52 minutes, it will not vary a day in 10 millions of years. 


Although this Table is calculated for 76 Year only, and according 
to the Old Style, yet by means of two eaſy Equations it may be made 
to anſwer as exactly to the New Style, for any time to come. Thus, 
becaufe the year 1724 in this Table is the” firſt year of the Cyele for 
which it is made; if from any year of 'CurIsT* after 1800 you fub- 
tract 1723, and divide the overplus by 76, the Quotient will ſhew/how 
many entire Cycles of 76 years are Elapſed ſince the beginning of the 
Cycle here provided for; and the remamder will ſhew the year of the 
current Cycle anſwering to the given year of EHS T. Hence, if the 
remainder be o, you muſt inſtead thereof put 76, and leſſen the 
Quotient by unity. ——::!!!! 0032 00 OI LE TY 

Then, look in the left hand column of the Table for the number 
in your remainder, and againſt it you, will find the times of all the 
mean New Moons in that year of the prefent Cycle.  Andwhereas 
in 76 Julian Years the Moon anticipates 5 hours 52 minutes,” if theres 
fore theſe 5 hours 52 minutes be multiplied by the aboye found Quo- 
tient, that is, by the number of entire Cycles paſt ;. the product ſub- 
tracted from the times in the Table will leave the cortected *times 
of the New Moons to the Old Style; which may be reduced to the 
New Style thus: 8 e e ane 

Divide the number of entire hundreds in the given year of CRS 
by 4, multiply this Quotient by 3, to the product add the remainder, 
and from their ſum ſubtract 2: this laſt remainder denotes the number 
of days to be added to the times above corrected, in order to reduce 
them to the New Style. The reaſon of this is, that every 400 years 
of the New Style gains 3 days upon the Old Style: one of which it 
gains in each of the centurial years ſucceeding that which is exactly 
diviſible by 4 without remainder; but then, when you have found 
the days ſo gained, 2 muſt be ſubtracted from their number on account 
of the rectifications made in the Calendar by the Council of Nice, and 
ſince by Pope Gregory. It muſt alſo be obſerved, that the additional 
days found as above directed do not take place in the centurial Years 
which are not multiples of 4 till February 2gth, O. S. for on that day 
begins the difference between the Styles; till which day therefore, 
thoſe that were added in the preceding years muſt be uſed. The 
following Example will make this accommodation plain. 
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Required the mean time of New Moon in June, A. D. 1909, N. . 


«wal 1909 take 17 . and there rem. 186 
gives the Quotient 2 . 


and the remainder —  — — 34 
Then, againſt 34 in the Table is June 5 8 on Afternoon. 
And 55 17 multiplied by 2 make to be ſubtr. 11 44 


Remains the mean time according to the O/ 


St une — — h 16” Morning. 
1 in 1909 are 199 which di- Fee i 
vided by 4, quotes — _— — 4 
And leaves a remainder of — 3 
Which Quotient multiplied by 3 makes 12, | 

'and the remainder added makes — 15 
From which ſubtract 2, and there remains 13 


Which number of days added to the above 
time Old Style, gives une— — 18* 9g 16" Morn.N.s, 


so the mean time of New Moon in Zune 1909 New n the 18th 
day at 16 minutes paſt 9 in the Morning. 


If 11 days be added to the time of any New Moon in this Table, 
it will give the time thereof according to the New Style till the year 
1800. And if 14 days 18 hours 22 minutes be added to the mean 
time of New Moon in either Style, it will give the mean time of the 


next Full Moon according to that Style, 
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425. The Cycle of Eater, alſo called the DionyfianPericd,” is a revo. Fajter Cycle, 
lution of 532 yeats, found by multiplying the 'Solar Cycle 28 by che 8 
Lunar Cycle 19. If the New Moons did not anticipate upon this 
Cycle, 'Eafter-Day would always be the Sunday next aſter the” firſt 
Full Moon which ſucceeds the 21ſt of March, But, on account of 
the above anticipation $ 422, to which no proper regard was had be 
fore the late alteration of the Sy/e, the Ecclkfraftic Eaſter has' ſeveral 
times been a week different from the rue Eater within this laſt Cen- 
tury: which inconvenience is now remedied by making the Table 
which uſed to find Eaſter for ever, in the Common Prayer Book, of 
no longer uſe than the Lunar difference from the New Style will ad- 
mit Gf. | o — 1 SG HP ADA © 0 
426. The carlieſt Eaſter poſſible is the 2 ad of March, the lateſt the 
2 5th of April. Within theſe limits 7K 5 days, and the number be- 
longing to each of them is called the Number of Direction; becauſe 
thereby the time of Eaſter is found for any given year. To find the 
Number of Direction, according to the New Style, enter Table V. Number of 
following this Chapter, with the compleat hundreds of any — year at * 
the top, and the years thereof (if any) below an hundred at tie leff Hand; 
and where the columns meet is the Dominical Letter for” the given 
ear. Then, enter Table I, with the compleat hundreds of the fame 
ear at the left hand, and the years below an hundred at the top; and 
where the columns meet is the Golden Number for the ſame year. 
Laſtly, enter Table II with the Dominical Letter at the left hand and 
Golden Number at the top; and where the columns meet is the 
Number of Direction for that year; which number, added to the 2 iſt 
day of March ſhews on what day either of March or April Eaſter 
Sunday falls in that year. Thus, the Dominical Letter New Style for 
the year 1757 is B (Table EVE) and the Golden Number is 10, 
(Table I) by which in Table II, the Number of Direction is found to 
be 20; which, reckoned from the 2 iſt of March, ends on the 1oth of 
April, and that is Eaſter Sunday in the year 1757. N. B. There are To find the 
always two Dominical Letters to the leap-year, the firſt of which e Eaſter, 
takes place to the 24th of February, the laſt for the following part of 
the year. | MI 1 rags | 
427. The firſt ſeven Letters of the Alphabet are commonly placed in 
the annual Almanacks to ſhew on what days of the week the days of 
the months fall throughout the year. And becauſe one of thoſe ſeven Dominical 
Letters muſt neceſſarily ſtand againſt Sunday it is printed in a capital Letter. 
form, and called the Dee Letter : the other ſix being inſerted in 


ſmall characters to denote the other fix days of the week. Now, 
K k ſince 


2.50 


To find the 
Dominical 


Letter, 
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fince a common Julian Year contains 365 Days, if this number be 
divided by 7 (the number of days in a week) there will remain one 
day. If there had been no; remainder, tis plain the year would con- 
ſtantly begin on the ſame day of the week. But ſince one remains, 
tis as plain that the year muſt begin and end on the ſame day of 
the week; and therefore the next year will begin on the day fol- 
lowing. Hence, when January begins on Sunday, A is the Do- 
minical or Sausday Letter for that year: then, becauſe the next year 
begins on Manday, the Sunday will fall on the ſeventh day, to 


which is annexed the ſeventh Letter G, which therefore will be the © 


Dominical Letter for all that year : and as the third year will begin 
on Tueſday, the Sunday will fall on the ſixth day; therefore F will be 
the Sunday Letter for that year. Whence tis evident that the Sunday 
Letters will go annually in a retrograde order thus, G,F,E,D,C,B,A. 
And in the courſe of ſeven years, if they were all common ones; the 
ſame days of the week and Dominical Letters would return to the 
fame days of the months. But becauſe there are 366 days in a leap- 
year, if this number be divided by 7, there will remain two days over 
and above the 52 weeks of which the year conſiſts. And therefore, 
if the leap- year begins on Sunday, it will end on Monday; and the next 
year will begin on 2. 2. the firſt Sunday whereof muſt fall on the ſixth 
of January, to which is annexed the Letter F, and not G as in com- 
mon years. By this means, the leap- year returning every fourth year, 
the order of the Dominical Letters is interrupted; and the Series does 
not return to its firſt ſtate till after four times ſeven, or 28 years: and 
then the ſame days of the month return in order to the ſame days of 
the week. by C 
428. To find the Dominical Letter for any year either before or after the 
Chriſtian Aira*: In Table HI or IV for Old Style, or V for New 
Style, look for the hundreds of years at the head of the Table, and 


for the years below an hundred (to make up the given year) at the 


left hand: and where the columns meet you have the Dominical 
Letter for the year deſired. Thus, ſuppoſe the Dominical Letter be 
required for the year of CHRIST 1758, New Style, I look for 1700 at 
the head of Table V, and for 58 at the left hand of the ſame Table; 
and in the angle of meeting, I find A, which is the Dominical Letter 
for that year. If it was wanted for the ſame year Old Style, it would 
be found by Table IV to be D. But 10 find the Dominical Letter 
for any given year before CyRIsT, ſubtract one from that year and 
then proceed in all reſpects as juſt now taught, to find it by Table III. 


Sea this word explained in the note at the foot of page 194. 


Thus, 
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Thus, ſuppoſe the Dominical Letter be required for the 58 5th year 

before the firſt year of CHRIS TH, look for 5oo at the head of Table III, 

and for 84 at the left hand; in the meeting of theſe columns is FE, 

which were the Dominical Letters for that year, and ſhews that it Was 

a leap-· year; becauſe, leap-year has — two Dominical Letters. 
7 


44. 


429. To find the day of the month anſibering to any day of* the webt, Mo find the 
or the day of the week anſwering to any day of the month ; for any year paſt . 25 
or to come: Having found the Dominical Letter for the given year, ; 

enter Table VI, with the Dominical Letter at the head; and under it, 

all the days in that column to the right hand are Sundays, in the diviſions 
of the months; the next column to the right are Mondays; the next, 
Tueſdays ; and ſo on to the laſt column under G, from which go back to 
the column under A, and thence proceed towards the right” hand 
as before. Thus, in the year 17 5, the Dominical Letter New Style 
is B, in Table V, then in Table VI all the days under B are Sundays 
in that year, vig. the 2d, gth, 16th, 23d, and zoth of CT 2 
October; the 6th, 13th,” 20th; and 27th of Februum, "March and 
November; the 3d, 1oth, and 17th, of April and July, together with 
the 3 iſt of July: and ſo on to the foot of the column. Then, of 
courſe, all the days under C on Mondays, namely the za, loth, Se. 
of January and October; and ſo of all the reſt in that column. I zhe * 
day of the week anſwering to any day of the month be required, it is eaſily 
had from the ſame Table by the Letter that ſtands at the top of the 
column in which the given day of the month is found. Thus, the 
Letter that ſtands over the 28th of May is A; and in the year 585 
before CaHR1sT the Dominical Letter was found to be F 8428; 25 
which being a leap- year, and E taking place from the 24th of February 
to the end of that year, ſhews by the Table that the 2 5th of May was 
on a Sunday; and therefore the 28th muſt have been on a Medneſday: 
for when E ſtands for Sunday, F muſt ſtand for Monday, G for Tuef- 
day, A for Wedneſday, B for Ti 1 C for Friday, and D for Satur- 
day. Hence, as it appears that the famous Eclipſe of the Sun foretold 
by THALEs, by which a peace was brought about between the Meat 
and Lydians, happened on the 28th of May, in the 58 5th year before 
CHRIST, it certainly fell on a Vedneſday. che; | 

430. From the multiplication: of the Solar Cycle of 28 years into Julian Period. 

the Lunar Cycle of 19 years, ariſes the great Julian Period conſiſting of 
7980 years; which had its beginning 764 years before the ſuppoſed year 
of the creation (when all the three Cycles began together) and is not yet 
compleated, and therefore it comprehends all other Cycles, Periods and 


ras, There is but one year in the whole Period which has the ſame 
1705 KK 2 numbers 
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numbers for the, three Cycles of which it is made up: and therefore; if 
hiſtorians had remarked in their writings the Cycles of each year, there 
had been no diſpute about the time of any action recorded by them. 

To find the 434+ The Dionyſian or vulgar /Era of CHRIS T's birth was about the 
ear of this end of the year of the Julian Period 4713; and conſequently the firſt 
riod. year of his age, according to that account, was the 4714th year 'of 

the ſaid Period. Therefore, if to the current year of CHRISH we add 
4713, the Sum will be the year of the Julian Period. So the year 
1757 will be found to be the 6470th year of that Period. Or, to 
find the year of the Julian Period anſwering to any given year befoie 
the firſt year of ChRISH, ſubtract the number of that given year from 
4714, and the remainder will be the year of the Julian Period. Thus, 
the year 585 before the firſt year of CHRIST (which was the 584th 
before his birth) was the 4129th year of the ſaid Period. Laſtly, to 
find the Cycles of the Sun, Moon, and Indiction for any given year 
r do of this Period, divide the given year by 28, 19, and 15; the 18 
feu. remainders will be the Cycles ſought, and the Quotients the numbers 
of Cycles run ſince the beginning of the Period. So in the above 
4714th year of the Julian Period the Cycle of the Sun was 10, the 
Cycle of the Moon 2, and the Cycle of Indiction 4; the Solar Cycle 
having run through, 168 courſes, the Lunar 248, and the Indicttion 3 14. 


432. The vulgar Ara of CuRIST's birth was never ſettled till the 
year 527; when Dionyſius Exiguus, a Roman Abbot, fixed it to the 
end of the 4713th year of the Julian Period; which was certainly four 

The true Era years too late. For, our Savioux was undoubtedly born before the 
-— pt Death of Herod the Great, who ſought to kill him as ſoon as he heard 
e of his birth. And, according to the teſtimony of Foſephus (B. xvii. 
c. 8.) there was an eclipſe of the Moon in he time of Herod's laſt 
illneſs: which very eclipſe our Aſtronomical Tables ſhew to have 
been in the year of the Julian Period 4710, March 13th, 3 hours 21 
minutes after mid-night, at Jeruſalem. Now, as our SAviouR muſt 
have been born ſome months before Herod's death, ſince in the interval 
he was carried into Zgyp? ; the lateſt time in which we can poſſibly 
fix the true Ara of his birth is about the end of the 470gth year of 
the Julian Period. And this is four years before the vulgar Ara 
thereof. 8 | | 
In the former edition of this book, I endeavoured to aſcertain the 
The time of time of CHRIS T's death; by ſhewing in what year, about the reputed 
his cruci- time of the Paſſion, there was a Paſſover Full Moon on a Friday: on 
— which day of the week, and at the time of the Paſſover, it is evident 


3 | from 
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from Mark xv. 42. that our SAviouR was crucified. And in com- 
puting the times of all the Paſſover Full Moons from the 2oth to the 


40th year of CHRIST, after the Jeiſh manner, which was to add 14 


days to the time when the New Moon next before the Paſſover was 
firſt viſible at Jerigſalem, in order to have their day of the Paſſover Full 


Moon, I found that the only Paſſover Full Moon which fell on a2 


Friday, in all that time, was in the year of the Julian Period 4746, on 
the third day of April: which year was the 33d year of Cur1sT's age, 
reckoning from the vulgar Æra of his birth, but the 37th counting from 
the true ra thereof: and was alſo the laſt year of the 402d Olympiad &, 


in which very year Ph/zgon an Heathen writer tells us, there was the 


moſt extraordinary Hclipſe of the Sun that ever was known, and that 1 
was night at the ſixth hour of the day. Which agrees exactly with the 
time that the darkneſs at the crucifixion began, according to the three 
Evangeliſts who mention it : and therefore muſt have 15 the very 
ſame darkneſs, but miſtaken by Phlegon for a natural Eclipſe of the 
Sun; which was impoſſible on two accounts, 1. becauſe it was at the 
time of Full Moon; and 2. becauſe whoever takes the pains to calcu- 
late, will find that there could be no regular and total Eclipſe of the 
Sun that year in any part of Judea, nor any where between Fernſalem 
and Egypt : fo that this darkneſs mult have been quite out of the com- 
mon courſe of nature. | | 

From the co-incidence of theſe characters, I made no doubt of 
having aſcertained the true year and day of our SAviou's death. 


But having very lately read what ſome eminent authors have wrote on 


the ſame ſubject, of which I was really ignorant before; and heard 
the opinions of other candid and ingenious enquirers after truth (which 
every. honeſt man will follow wherever it leads him) and who think 
they have ſtrong reaſons for believing that the time of CHRIST's death 
was not in the year of the Julian Period 4746, but in the year 4743 
I find: difficulties on both ſides, not eaſily got over: and ſhall there- 
fore ſtate the caſe both ways as fairly as I can; leaving the reader to 
take which fide of the Queſtion he pleaſes. 


Both Dr. Prideaux and Sir Jſaac Newton are of opinion that 
Daniel's ſeventy weeks, conſiſting of 490 years {Dan.chap. ix. v. 29—26)- 


began with the time when Ezre received his commiſſion from Artax- 
eraes to go to Jeruſalem, which was in the ſeventh year of that King's 


reign (Ezra ch. vii. v. 11—26) and ended with the death of CHRIST. 


For, by joining the accompliſhment of that prophecy with the expia- 
tion of Sin, thoſe weeks cannot well be ſuppoſed to end at any other 


ee the note on & 323. + Matt, xxvii. 45., Mark xv. 43. Lude xxili. 44. 4 
f time. 
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time, And both theſe authors agree that this was Artaxerxes Longi- 


- manus, not Artaxerxes Mnemon. ' Ihe Doctor thinks that the laſt of 


thoſe annual weeks was equally divided between John's miniſtry. and 
CHRIST 'S. And, as to the half week, mentioned by Daniel chap. ix. 
v. 27. Sir Jſaac thinks it made no part of the above ſeventy; but only 
meant the three years and an half in which the Romans made war 
upon the Jews from ſpring in A. D. 67 to autumn in A. D. 70, when 
a final Period was put to their ſacrifices and oblations by deſtroying 
their city and ſanctuary, on which they were utterly diſperſed. Now, 
both by the undoubted Canon of Prolemy, and the famous ra of 
Nabonaſſar, which is ſo well verified by Eclipſes that it cannot deceive 
us, the beginning of theſe ſeventy weeks, or the ſeventh year of the 
reign of Artaxerxes Longimanus, is pinned down to the year of the 
Julian Period 4256 : from which count 490 years to the death of 
CHRIST, and the ſame will fall in the above year of the Julian Period 
4746: which would ſeem to. aſcertain the true year beyond diſpute, 
But as Fo/ephus's Eclipſe of the Moon in a great meaſure fixes our 
SAvIOUR'S birth to the end of the 4713th year of the Julian Period, 
and a Friday Paſſover Full Moon fixes the time of his death to the 
third of April in the 474.6th year of that Period, the ſame as above 
by Daniel's weeks, this ſuppoſes our SAv1ouR to have been crucified: 
in the 37th year of his age. And as St. Luke chap. iii. ver. 23. fixes 
the time of CurisT's baptiſm to the beginning of his 3oth year, it 
would hence ſeem that his publick miniſtry, to which his . baptiſm 
was. the anitiation, laſted ſeven years. But, as it would be very diffi- 
cult to find account in all the Evangeliſts of more than four Paſſovers 
which he kept at Jeruſalem during the time of his miniſtry, others 
think that he ſuffered in the vulgar 3oth year of his age, which was 
really the 33d; namely in the year of the Julian Period 4743. And 
this opinion is farther ſtrengthened by conſidering. that our Saviour 
eat his laſt Paſchal Supper on a Thur/day evening, the day imme- 
diately before his crucifixion: and that as he ſubjected himſelf to the 
law, he would not break the law by keeping the Paſſover on the day 
before the law preſcribed ; neither would the Prieſts have ſuffered the 
Lamb to be killed for him before the fourteenth day of Niſan when it 
was killed for all the people, Exod. xii. ver. 6. And hence they infer 
that he kept this Paſlover at the ſame time with the reſt of the Jews, 
in the vulgar 3oth year of his age: at which time it is evident by cal- 
culation that there was a Paſſover Full Moon on Thurſday April the 6th. 
But this is preſſed with two difficulties. 1. It drops the laſt half 


of Daniels ſeventieth week, as of no moment in the prophgey ; 
| and 
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and 2. it ſets aſide the teſtimony of Phlegon, as if he had miſtaken 
almoſt a whole Olympiad  —_ Oe, 

Others again endeavour to reconcile the whole difference, by ſup- 
| poſing, that as CHRIST expreſſed himſelf only in round numbers con- 

cerning the time he was to lie in the grave, Matt. xii. 40. ſo might 
St. Luke poſſibly have done with regard to the year of his baptiſm : 
which would really ſeem to be the caſe when we conſider, ' that the 

ews told our Saviour, ſometime before his death, Thou art not yer 
fifty years old, John vii. 57. which indeed was more. likely to be ad 
to a perſon near forty than to one but juſt turned of thirty. And as to 
his eating the above Paſſover on Thurſday, which muſt have been on 
the Jewiſß Full Moon day, they think it may be eafily accommodated 
to the 37th year of his age; ſince, as the Jews always began their day 
in the evening, their Friday of courſe began on the evening of our 
Thurſday. And it is evident, as above-mentioned, that the only Jewi/þ 
Friday Full Moon, at the time of their Paſſover, was in the vulgar 
23d, but the real 37th year of CyrisT's age; which was the 4746th 
year of the Julian Period, and the laſt year of the 202d Olymprad. 


33. As there are certain fixed points in the Heavens from which Aras or 
Aſtronomers begin their computations, ſo there are certain points of Epochas. 


time from which hiſtorians begin to reckon ; and theſe points or roots 
of time are called Mras or Epochas. The moſt remarkable Aras are 
thoſe of the Creation, the Greek Olymprads, the building of Rome, the 
Era of Nabonaſſar, the death of Alexander, the birth of CuRISTT, 
the Aralian Hegira, and the Perſian Feſdegird: All which, together 
with ſeveral others of leſs note, have their beginnings in the following 
Table fixed to the years of the Julian Period, to the age of the world 
at thoſe times, and to the years before and after the birth of CHRIST. 


lan ore Bets | 
1. The creation of the world, according to Strauchius 764 113949 | 
2. The Deluge, or Noah's Flood — —— 242016562293 
3. The Afjrian Monarchy by Nimrod — 253717732176 
4. The Birth of Abraham — — — 271219482001 
5. The beginning of the Kingdom of the Argives 2856 20921857 
6. The begin. of the Kingdom of Athens by Cecrops 3157123931556 
7. The departure of the Hruelites from Egypt 321624521497 
8. Their entrance into Canaan, or the Jubilee 3256| 2492 | 1457] 
9. The deſtruction of Troy —.p — — 3529128651184 
10. The beginning of King David's reign — 3655 2889 | 1060 
11. The foundation of Solomon's Temple — | 369 2932 1017 


2 12. The 
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The Argonautic expedition — 
.* Arbaces, the firſt King of the Medes 
Mandaucus the ſecond 
Seſarmus the third 

. Artica the fourth 

. Cardica the fifth 

. Phraortes the ſixth 

; == the ſeventh 
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e beginning of the O/ lympiads — 


The Catonian Epochaof as building of Rome 
The ra of Nabonaſſar 
The deſtruction of Samaria 
. The Babyloniſb captivity 
The deſtruction of Solomon's Temple 
The Perſian monarchy founded by Cyrus 
. The battle of Marathon: 
The begin. of the reign of Art. Longimanus 
The beginning of Daniel's 70 weeks 
The beginning of the Peloponneſian war — 
The death of Alexander 
. The reſtoration of the Jews 
The corr. of the Calendar by Julius Ceſar 
The beginning of the reign of Herod — 
The Spaniſh Era 
The battle at Actium 
The takin 

The Epoch 
The true Era of CuRIST's birth — 
. The death of Herod — 
The Diony. orvulg. Æraof the birth of Cur 1sT 
The true year of CHRIST's death 
The deſtruction of Teruſalem 
The Droclefian perſecution 
The Epoch of Conſtantine the Great 
The Council of Noce 
The Epocha of the Hegira 
The Epoch of T7/dejerd 
The Yellalzan E oc 
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Julian Y of che before 
Period. þ World. |Curisr. 
3776|3012| 937 
3838 1.3974 | 175| 
3905| 3101 | 848 
391503151 798 
394531810 768 
3996|3232| 718 
4057 3293 656 
40803316 633 
393813174 775 
39613197 752 
3967 3202 746 
39903226 723 
41333349 600 
4124/3360 589 
415433900 559 
42243400 489 
424903485 404 
42563492 457 
42823518 431 
43903626 323 
45483784 129 
4069 3905 44 
40733909 40 
4675 3911 38 
46833919 30 
46833919 30 
468613922 27 
47093945 4 
471039400 3 
4713 2 Do 
4746 33 
| 4703 1519 70 
Solg| 4251] 302 
5019|4255| 306 
50384274 325 
| 5335|4571 | 022 
53444580 631 
579150271078 
6230 54661517 
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A Deſcription of the Aftrinomical Machinery ſerving to ex- 
Plain and illuſtrate the foregoing part of kbit Treatiſe. 


434. HE OzkERy, This Machine ſhews the Motions of the 

| Sun, Mercury, Venus, Earth, and Moon; and occaſionally, 
the ſuperior Planets, s Jupiter, and Saturn may be put on; Ju- 
piter's four Satellites are moved round him in their" proper times by a 
ſmall Winch; and Saturn has his five Satellites, and his Ring which 


keeps its paralleliſm round the Sun; and by a Lamp put in the Sun's 


place, the Ring ſhews all the Phaſes deſcribed in the 204th Article. 
In the Center, No 1, repreſents the Sun, ſupported by it's Axis 
inclining almoſt | 8 Degrees from the Axis of the Ecliptic; and turn- 
ing round in 25% days on its. Axis, of J | | 
toward the 8th Degree of Piſces in the great Ecliptic (No. f f.) whereon 
the Months and Days are engraven over the Signs and Degrees in 
2 the Sun appears, as ſeen from the Earth, on the different days 
0 , 4 lee Þeilc 
The neareſt Planet (No. a) to the Sun is Mercury, which goes round 
him 87 days 23 hours, or 872 diurnal rotations of the Earth; but has 
no Mation round its Axis in the Machine, becauſe the time of its 
diurnal Motion in che Heavens is not known to us. val 
The next Planet in oer is Venus (No. 3) which performs her an- 
nual /Cqurie in 324 days| 17 hours; and turns round her Ax in 24 
days 8 bours, o in 24% diurnal rotatians of the Earth. Her Auk in- 
clines 7is Degrees from the Axis of the Ecliptic, and her North Pole in- 
clines towards the 2oth Degree of Aquarius, according to the obſer- 
vations of Branchini. She ſhews all the Phenomena deſcribed from the 
zoth to the 44th Article in Chap. I, eee 
xt without the Orbit of Venus is the Eartb (No. 4) which 
turng found its Axis, to any fixed point at a great diſtance, in 23 hours 
$6 inutes 4 ſeconds of mean ſolar time (22 1 & ſeg.) but from the 
un to the Sun again in 24 hours of the ſame time, No. 6 is a ſidereal 
Dial-Plate under the Earth; and No. 7 a folar Dial-Plate on the 
cover of the Machine. The Index of the former ſhews ſidereal, and 
of the latter, ſolar time; and hence, the former Index gains one en- 


tire revolution on the latter every year, as % 5 ſolar or natural days 


contain 366 ſidereal days, or apparent revolutions of the Stars, In 


the 


hich the North Pole inclines 


===>, 


The OnxRRY weſeribed. 


the time that the Earth makes 36 52 diurnal rotations on ite Axis, it 

oes once round the Sun in the Plane of the Eclipticz'"and always 
— oppoſite to a moving Index (No. 10) which ſhews the Sun's 
daily change of place, and alſo the days of the months. 

The Earth is half covered with a'black cap for dividing the appa- 
rently enlightened half next the Sun, from the other half, which when 
turned away from him is in the dark. The edge of the cap repreſents 
the Circle bounding Ligbt and Darkneſs, and ſhews at what time the 
Sun riſes and ſets to all places throughout the year. The Earth's 
Axis inclines 235 Degrees from the Axis of the Ecliptic, the North 
Pole inclines toward the beginning of Cancer; and keeps its paralleliſm 
throughout its annual Courſe F' 48, 202; ſo that in Summer the nor- 

therm parts of the Earth incline towards the Sun, and in the Winter 
from him: by which means, the different lengths of days and nights, 
and the cauſe of the various ſeaſons, are demonſtrated to ſight. 

There is a broad Horizon, to the upper ſide of which is fixed a 
Meridian Semi- circle in the North and South Points, graduated on both 
fides from the Horizon to 90˙ſ in the Zenith, or vertical Point. The 
edge of the Horizon is graduated from the Eaſt and Weſt to the South 
and North Points, and within theſe Diviſions are the Points of the 
Compaſs. On the lower ſide of this thin Horizon Plate ſtand out 
four ſmall Wires, to which is fixed a Twilight Circle 18 Degres'from 
the graduated fide of the Horizon all round. This Horizon may be 

it upon the Earth (when the cap is taken away) and rectified to the 

atitude of any place: and then, by a ſmall Wire called the Solar Ray, 
which may be put on fo as to proceed directly from the Sun's Center 
towards the' Earth's, but to come no farther than almoſt to touch the 
Horizon, the beginning of Twilight, time of Sun-riſin + 4 with his 
Amplitude, Meridian Altitude, time of Setting, Amplitude, and end 
of Twilight, are ſhewn for every day of ho 3 year, at that pan to 
which the Horizon is reQtified. 
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The Moon (No. 5) goes round the Earth, from between it and The Moon. 


any fixed point at a great diſtance, in 27 days 7 hours 43 minutes, 
or through all the Signs and Degrees of her Orbit; which is called 
ber Periodical Revolution; but ſhe goes round from the Sun to the Sun 
again, or from Change to Change, in 29 days 12 hours 45 minutes, 
which is her Synodical Revolution; and in that time ſhe exhibits all the 
Phaſes already deſcribed F 255. 

| When the above-mentioned Horizon is rectified to the Latitude of 
any given place, the times of the Moon's riſing and ſetting, together 


with het Amplitude, are ſhewn to that — as well as the _— 
an 


The Nodes. 
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and all the various Phenomena of the Harveſt Moon 5 273 & eg. 
madaobapus teria. to ont ods a nut oft ban: nnd won 

The Moon's Orbit (No. 9.) is inclined to the Ecliptic, (No. 11.) 
one half being above, and the other below it. The Nodes, or Points 
at o and o lie in the Plane of the Ecliptic, as deſeribed g 317, 318, 
and ſhift back ward through all - it's Signs and Degrees in 183 


years. The Degrees of the Moon's Latitude, to the higheſt at NL 


(North Latitude) and loweſt at L (South Latitude) are engraven 
both ways from her Nodes at o and o; and, as the Moon riſes 
and falls in her Orbit according to its inclination, her Latitude and 
Diſtance from her Nodes are ſhewn for every day; having firſt rectified 
her Orbit ſo as to ſet the Nodes to their proper places in the 
Ecliptic: and then, as they come about at different, and almoſt oppo- 
ſite times of the year $319, and then point towards the Sun, all 
the Eclipſes may be ſhewn for hundreds of years (without any new 
rectification) by turning the Machinery backward for time paſt, or 
forward for time to come. At 17 Degrees diſtance from each Node, 
on both Sides, is engraved a ſmall Sun; and at 12 Degrees diſtance, a 
{mall Moon; which ſhew the limits of ſolar and lunar Eclipſes 8 317 
and when, at any change, the Moon falls between either of, theſe 
Suns and the Node, the Sun will be eclipſed on the day pointed to by 
the annual Index (No. 10,) and as the Moon has then OTST 
Latitude, one may eaſily judge whether that Eclipſe will, be. viſible 
in the Northern or Southern Hemiſphere ; eſpecially as the ,Earth's 
Axis inclines towards the Sun or from him at that time: And 
when, at any Full, the Moon falls between either of the little Mopn's 
and Node, ſhe will be eclipſed, and the annual Index ſhews the day 
of that Eclipſe. There is a Circle of 29+. equal parts (No. 8.) on 
the cover of the Machine, on which an Index ſhews the days of the 
Moon's age. | | | | 


PLATEIX, There are two Semi-circles fixed to an elliptical Ring, which being 


Fig. X. 


ut like a cap upon the Earth, and the forked part F upon the 
3 ſhews the Tides as the Earth turns round within them, and 
they are led round it by the Moon, When the different Places come 
to the Semi- circle Aa EB, they have Tides of Flood; and when they 
come to the Semicircle CED they have Tides of Ebb 5 304, 305 
the Index on the hour Circle (No. 7.) ſhewing the times of theſe 
Phenomena. | r ein e 
There is a jointed Wire, of which one end bing put into a hole 
in the upright ſtem that holds the Earth's, cap, and the Wire laid into 
a ſmall forked piece which may be occaſionally put upon Venus or 
| Mercury, 


De Onazny deſeribed.. 


Mercury, ſhews the direct and retrograde Motions of theſe two Planets, 
with their ſtationary. Times and Places as ſeen from the: Earth, 
The whole Machinery is turned by a winch or handle (No. 12, 


and is ſo. eaſily moved that a clock might turn it without any danger 


of ſtopping. oY f | 
To. give a Plate of the wheel-work of this Machine, would anſwer 


no purpoſe, becauſe many of the wheels lie ſo behind others as to hide 


them from ſight in any view whatſoever, 
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435. Another Oak ERV. In this Machine, which is the ſimpleſt J Another 
ever ſaw, for ſhewing the diurnal and annual motions of the Earth, Onxxzar. 


together with the motion of the Moon and her Nodes; A and B are 
two oblong ſquare Plates held together by four upright pillars; of 


which three appear at /, g, and ga. Under the Plate A is an endleſs PLATE VI. 
ſcrew on the Axis of the handle h, which works in a wheel fixed on Fig. 1. 


the ſame Axis with the double grooyed wheel E; and on the top 


of this Axis is fixed the toothed, wheel i, which turns the pinion 4, on 


the top of whoſe Axis is the pinion &a which turns another pinion 62, 
and that other turns. a third; on the Axis a2 of which is the Earth 
U turning round; this laſt Axis inclining 23+ Degrees. The ſupporter 
X2, in which the Axis of the Earth turns, is fixed to the moveable 


Plate C. ; ; 149 | TI CI 413 F208 [ 5 51 
In the fixed Plate B, beyond H, is fixed the ſtrong wire d, on 


which hangs the Sun T, ſo as it may turn round the wire. To this 


Sun is fixed the wire or ſolar ray Z, which (as the Earth V turns 
round its Axis) points to all the places that the Sun paſſes verticall 

over, every day of the year. The Earth is half covered with a black 
cap a, as in the former Orrery, for dividing the day from the night; 


and, as the different places come out from below the edge of the cap, 


or go in below it, they ſhew the times of Sun- riſing and ſetting every 
day of the year. This cap is fixed on the wire 6, which has a forked 
piece C turning round the wire 4: and, as the Earth goes round the 
Sun, it carries the Cap, Wire, and ſolar Ray round him; ſo that the 
ſolar Ray conſtantly points towards the Earth's Center. 
On the Axis of the pinion & is the pinion , Which turns a 

wheel on the cock or ſupporter. u, and on the Axis of this wheel 
neareſt ꝝ is a pinion (hid from view) under the Plate C, which 
pinion turns a wheel that carries the Moon V round the Earth U; 
the Moon's Axis riſing and falling in the ſocket V, which is fixed 
to the triangular piece above Z; and this piece is fed to the top 


of the Axis of the laſt mentioned wheel. The ſocket” is flit an 
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the outermoſt ſide ; and in this ſlit the two pins near 77, fixed in the 
Moon's Axis, move up and down; one of them being above the 
inclined Plane Y'X, and the other below it. By this mecheniſrri, the 
Moon F moves round the Earth 7 in the inelined Orbit 4 * 
lel to the Plane of the Ring YA; of which the Deſcendil 7 
is at X, and the Aſtending Node oppoſite to it, but hid by 

Cf N A. 

The mall wheel E turns the large wheels D and F of 40a un. 
meters, by cat-gut ſtrings croſſing between them: and the Axis of 
theſe two wheels are eranked at & and H, above the Plate B. The 
uptight ſtems of theſe cranks going through the Plate C, carry it over | 
and over the fixed Plate B, with a motion wliieh carries the Earth U 
round the Sun 7, keeping 'the Earth's Axis always parallel to itſelf; or 
ſtill inclining towards the Foft-hand of the Plate; and ſhewing the vicif- 
ſttudes of ſeaſons, as deſcribed in the tenth chapter. As the Earth 

goes round the Sun the pinion & goes round the wheel , for the 
Axis of & never touches the fixed Plate B; but turns on a wire fixed 

On the top of the crank S en Index L, which goes round the 

Circle m in the time that the Earth goes round the Sun ; and points 


to the days of the months; which, together with the 27 805 of the 
ſeaſons, are marked in this Circle. : 


This Index has a ſmall grooved wheel L fixed pott it, round 
which, and the Plate Z, goes a cat-gut ftring croffing between them; 
and by this means the Moon's inclined Plane TX with its Nodes 
is turned 9 142 for ſhewing the times and returns of Ectipfes 
: ["_—_ 


The — parts of this machine myft be conſidered as diſtinct 
from thoſe already deſcribed: 


Towards the right hand, Tet S be the Earth hong on the wire e, 
which is fixed into the Plate B; and let O be the Moon fixed on the 
Axis M, and turning round within the cap P, in which, and in the 
Plate C the erooked'wire & is fixed. On the Axis M is alſo fixed the 
Index K, which goes round a Circle 52, divided into 294 equal parts, 
which are the days of the Moon's age: but to avoid confuſion in the 
ſeheme, it is only marked with the numeral figures r 2 3 4, for the 
Quarters. As the erank H carries this Moon round the Earth & in the 
Orbit t, ſhe ſhews all her Phaſes by means of the cap P for the dif- 
ferent days of her age, which are ſhewn by the Index &; this Index, 
turning juſt as the Moon O does, demonſtrates her turning round her 
| Axis as ſhe ſtilf keeps the ſame fide Way Tartr F 9 262. 


At 
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At the other end of the Plate C, a Moon N goes round an Earth R PL. VIII. 


in the Orbit p; but this Moon's Axis is ſtuck faſt into the Plate C at 
S2; ſo that neither Moon nor Axis can turn round; and as this Moon 


goes round her Earth ſhe ſhews herſelf all round to it; which 


proves, that if the Moon was ſeen all round from the Earth in a Lu- 


nation, ſhe could not turn round her Axis. | 
N. B. If there were only the two wheels D and F, with a cat-gut 
ſtring over them, but not croſſing between them, the Axis of the 


Earth U would keep its paralleliſm round the Sun T, 'and ſhew all the 


ſeaſons; as I ſometimes make theſe Machines: and the Moon O 
would go round the Earth 5, ſhewing her Phaſes as above; as like- 
wiſe would the Moon IN round the Earth R; but then, neither could 
the diurnal motion of the Earth U on its Axis be ſhewn, nor the 
motion of the Moon round that Earth. 


4.36. In the year 1746 I contrived a very ſimple Machine, and The Carcr- 


deſcribed it's performance in a ſmall treatiſe upon the Phenomena 
of the Harveſt Moon, publiſhed in the year 1747. I improved it 
ſoon after, by adding another wheel, and called it he Calculator. 
It may be eaſily made by any Gentleman who has a mechanical 


Genius. 


LATOR, 


The great flat Ring ſupported by twelve pillars, and on which the Fig- L 


twelve Signs with their reſpective Degrees are laid down, is the 


Ecliptic ; nearly in the center of it is the Sun S ſupported by the 


ſtrong crooked Wire I; and from the Sun proceeds a Wire JF, 
called the Solar Ray, pointing towards the center of the Earth E, 


which is furniſhed with a moveable Horizon H, together with a 


brazen Meridian, and Quadrant of Altitude. R 1s a ſmall Ecliptic, 
whoſe Plane co-incides with that of the great one, and has the like 
Signs and Degrees marked upon it; and 1s ſupported by two Wires 
D and D, which enter into the Plate PP, but may be taken off at 
pleaſure. As the Earth goes round the Sun, the Signs of this ſmall 
Circle keep parallel to themſelves, and to thoſe of the great Ecliptic. 
When it is taken off, and the ſolar Ray drawn farther out, 
ſo as almoſt to touch the Horizon H, or the Quadrant of Altitude, the 
Horizon being rectified to any given Latitude, and the Earth turned 
round its Axis by hand, the point of the Wire V ſhews the Sun's 
Declination in paſting over the graduated braſs Meridian, and his 
height at any given time upon the Quadrant of Altitude, together 
with his Azimuth, or point of Bearing upon the Horizon at that time; 
and likewiſe his Amplitude, and time of Riſing and Setting by the 

| M m hour 
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hour Index, for any day of the year that the annual Index U points 
to in the Circle of Months below the Sun. M is a ſolar Index or 
Pointer ſupported by the Wire L which is fixed into the knob K: the 
uſe of this Index is to ſhew the Sun's place in the Ecliptic every day 
in the year; for it goes over the Signs and Degrees as the Index U 
goes over the months and days; or rather as they paſs under the 
Index U, in' moving the cover plate with the Earth and its Furniture 
round the Sun; for the Index U is fixed tight on the immoveable Axis 
in the Center of the Machine. & is a knob or handle for moving the 
Earth round the Sun, and the Moon round the Earth. 

As the Earth is carried round the Sun, its Axis conſtantly keeps 
the ſame oblique direction, or parallel to itſelf $ 48, 202, ſhewing 
thereby the different lengths of days and nights at different times of 
the year, with all the various ſeaſons. . And, in one annual revolu- 
tion of the Earth, the Moon M goes 12 times round it from 
Change to Change, having an occaſional proviſion for ſhewing her 
different Phaſes. The lower end of the Moon's Axis bears by a ſmall 
friction wheel upon the inclined Plane 7, which cauſes the Moon to 
riſe above and fink below the Ecliptic R in every Lunation; croſſing 
it in her Nodes, which ſhift back ward through all the Signs and 
Degrees of the ſaid Ecliptic, by the retrograde Motion of the inclined 
Plane 7, in 18 years and 225 days. On this Plane the Degrees and 
Parts of the Moon's North and South Latitude are laid down from 
both the Nodes, one of which, viz. the Deſcending Node appears 
at o, by DN above B; the other Node being hid from Sight on this 
Plane by the plate PP; and from both Nodes, at proper diſtances, 
as in the other Orrery, the limits of Eclipſes are marked, and all the 
ſolar and lunar Eclipſes are ſhewn in the ſame manner, for any given 
year, within the limits of 6000, either before or after the Chriſtian 
Ara, On the plate that covers the wheel-work, under the Sun &, 
and round the knob K are Aſtronomical Tables, by which the Ma- 
chine may be rectified to the beginning of any given year within theſe 
limits, in three or four minutes of time; and when once ſet right, 
may be turned backward for 3oo years paſt, or forward for as many 
to come, without requiring any new rectification. There is a me- 
thod for its adding up the 29th of February every fourth year, and 
allowing only 28 days to that month for every other three: but all 
this being performed by a particular manner of cutting the teeth of 
the wheels, and dividing the month circle, too long and intricate to 
be deſcribed here, I ſhall only ſhew how theſe motions may be per. 
formed near enough for common uſe, by wheels with grooves and 

cat-gut 
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cat-gut ftrings round them, only here I muſt put the Operator in 
mind that the grooves are to be made ſharp (not. round) bottomed to 
keep the ſtrings from ſlipping. | f 

The Moon's Axis moves up and down in the ſocket NM fixed into 
the bar O (which carries her round the Earth) as ſhe riſes above or 
ſinks below the Ecliptic; and immediately below the inclined Plane 7 
is a flat circular plate (between Hand 7) on which the different Ex- 
centricities of the Moon's Orbit are laid down; and likewiſe her 
mean Anomaly and elliptic Equation by which her true Place 
be very nearly found at any time. Below this Apogee-plate, whic 
ſhews the Anomaly, Gc. is a Circle Y divided into 29+ equal parts 
which are the days of the Moon's age: and the forked end A of the 
Index 4B (Fig II)-may be put into the Apogee-part of this plate; 
there being juſt ſuch another Index to put into the inclined Plane 7 
at the Aſcending Node; and then the curved points B of ' theſe 
Indexes ſhew the dire& motion of the Apogee, and retrograde motion 
of the Nodes through the Ecliptic R, with their Places in it at any 
given time. As the Moon M goes round the Earth E, ſhe ſhews 
her Place every day in the Ecliptic R, and the lower end of her 
Axis ſhews her Latitude and diſtance from her Node on the inclined . 
Plane T, alſo her diſtance from her Apogee and Perigee, together 
with her mean Anomaly, the then Excentricity of her Orbit, and her 
elliptic Equation, all on the Apogee Plate, and the day of her a 
in the Circle ” of 29+ equal parts; for every day of the year pointed 
out by the annual Index U in the Circle of months. 

Having rectified the Machine by the Tables for the beginning of 
any year, move the Earth and Moon forward by the knob X, until 
the annual Index comes to any given day of the month ; then ſtop, 
and not only all the above Phenomena may be ſhewn for that 
day, but alſo, by turning the Earth round its Axis, the Declina- 
tion, Azimuth, Amplitude, Altitude of the Moon at any hour, and 
the times of her Riſing and Setting, are ſhewn by the Horizon, 
Quadrant of Altitude, and hour Index. And in moving the Earth 
round the Sun, the days of all the New and Full: Moons and 
Eclipſes in any given year are ſhewn. The Phenomena of the 
Harveſt Moon, and thoſe of the Tides, by ſuch a cap as that in 
Plate 9 Fig. 10. put upon the Earth and Moon, together with 
the ſolution of many problems not here related, are made con- 
ſpicuous. | | 

The eaſieſt, though not the beſt way, that I can inſtruct any 
mechanical perſon to make the wheel-work of ſuch a machine, is 

M m 2 as 


S 
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PL. VIII. as follows; which is the way that I made it, beſore I thought of 


Fig. III. 


numbers exact enough to make it worth the trouble of cutting teeth 
in the wheels. ley, | 

Fig. zd of Plate 8 is a ſection of this Machine; in which ABCD 
is a frame of wood held together by four pillars at the corners, 
whereof two appear at AC and BD. In the lower Plate CD of this 
Frame are three ſmall friction- wheels, at equal diſtances from each 
other; two of them appearing at e and e. As the frame is moved 
round, theſe wheels run upon the fixed bottom Plate ZE which ſup- 
ports the whole work. 

In the Center -of this laſt mentioned Plate is fixed the upright 
Axis / FFG, and on the fame Axis is fixed the wheel HHH in which 
are four grooves J, X, &, L of different Diameters. In theſe grooves 
are cat-gut ſtrings going alſo round the ſeparate wheels M, N, O 
and P. | 

The wheel M is fixed on a ſolid Spindle or Axis, the lower 

ivot of which turns at R in the under Plate of the moveable 
frame ABCD; and on the upper end of this Axis is fixed the 
Plate % (which is PP, under the Earth, in Fig. 1.) and to this 
Plate is fixed, at an Angle of 234 Degrees inclination, the Dial- 
plate below the Earth 7; on the Axis of which, the Index 9 is 
turned round by the Earth. This Axis, together with the 
Wheel M, and Plate oc, keep their paralleliſm in going round the 
Sun S. 

On the Axis of the wheel M is a moveable ſocket on which the 
fmall wheel NM is fixed, and on the upper end of this ſocket is put 
on tight (but ſo as it may be occaſionally turned by hand) the bar 
ZZ (viz. the bar O in Fig. 1.) which carries the Moon m round 
the Earth T, by the Socket , fixed into the bar. As the Moon 
goes round the Earth her Axis riſes and falls in the Socket x; 
becauſe, on the lower end of her Axis, which is turned inward, there 
is a ſmall friction Wheel s running on the inclined Plane X (which 
is J in Fig. 1.) and fo cauſes the Moon alternately to rife above 
and fink below the little Ecliptic/ (R in Fig. 1.) in every Lu- 
nation. ; 

On the Socket or hollow Axis of the Wheel NM, there is another 
Socket on which the Wheel O is fixed ; and the Moon's inclined Plane 
X is put tightly on the upper end of this Socket, not on a ſquare, but 
on a round, that it may be occaſionally ſet by hand without wrench- 
ing the Wheel or Axle. | 


Laſtly, 


The Calculator deſcribed. 


Laſtly, on the hollow Axis of the Wheel O is another Socket on 
which is fixed the Wheel P, and on the upper end of this Socket 
is put on tightly the Apogee-plate Y, (ibat immediately below T in 
Fig. 1.) all theſe Axles turn in the upper Plate of the moveable 
frame at 2; which Plate is covered with the thin Plate cc (ſcrewed 
to it) whereon are the fore-mentioned Tables and month Circle in 
Fig t6\. 

The middle part of the thick fixed Wheel HHH is much broader 
than the reſt of it, and comes out between the Wheels MH and 0 
almoſt to the Wheel N. To adjuſt- the diameters of the grooves of 
this fixed wheel to the grooves of the ſeparate Wheels M, N, O and 
P, fo as they may perform their motions in the proper times, the 
following method muſt be obſerved. 

The Groove of the Wheel M, which keeps the paralleliſm of th 
Earth's Axis, muſt be preciſely of the ſame Diameter as the lower 
Groove Jof the fixed Wheel HHH; but, when this Groove is ſo 
well adjuſted as to ſhew, that in ever ſo many annual revolutions 
of the Earth, its Axis keeps its paralleliſm, as may be obſerved by 
the ſolar Ray (Fig. 1.) always coming preciſely to the ſame De- 

ree of the ſmall Ecliptic R at the end of every annual revolution. 
when the Index M points to the like Degree in the great Ecliptic ; 
then, with the edge of a thin File give the Groove of the Wheel M 
a ſmall rub all round; and by that means, leflening the Diameter of 
the Groove, perhaps about the 2oth part of a hair's breadth, it 


will cauſe the Earth to ſhew the preceſſion of the Equinoxes 


which, in many annual revolutions will begin to be ſenſible as the 
Earth's Axis ſlowly. deviates from its paralleliſm 5 246, towards the 
antecedent Signs of the Ecliptic. 

The Diameter of the Groove of the Wheel N, which carries the 
Moon round the Earth, muſt be to the Diameter of the Groove X as a 
Lunation is to a year; that is, as 294 to 365%. { 

The Diameter of the Groove of the Wheel O, which turns the 
inclined Plane X with the Moon's Nodes backward, muſt be to the 
Diameter of the Groove & as 20 to 183431. And, 

Laſtly, the Diameter of the Groove of the Wheel P, which carries 
the Moon's Apogee forward, muſt be to the Diameter 'of the Groove 
L as 70 to 62. | 1 | | 

But, after all this nice adjuſtment of the Grooves to the propor- 
tional times of their reſpective Wheels turning round, and which 
ſeems to promiſe very well in Theory, there will ſtill be found a 


neceſſity of a farther adjuſtment by hand; becauſe proper 2 
mu 
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PLATEIV. muſt be made for the Diameters of the cat-gut ſtrings: and the 


The Coum- 
TARIUM. 


Fig. IV. 


Grooves mult be ſo adjuſted by hand, as, that in the time the Earth is 
moved once round the Sun, the Moon muſt perform 12 ſynodical 
revolutions round the Earth, and be almoſt 11 days old in her 13th 
revolution. The inclined Plane with its Nodes muſt go once 
roupd backward through all the Signs and Degrees of the ſmall 
Ecliptic in 18 annual revolutions of the Earth and 225 days over. 


And the Apogee: plate muſt go once round forward, ſo as its 


Index may go over all the Signs and Degrees of the ſmall Ecliptic 
in eight years (or ſo many annual revolutions of the Earth) and 312 
days over. | | 

N. B. The ſtring which goes round the Grooves X and N for the 
Moon's Motion mult croſs between theſe Wheels; but all the reſt of 


the ſtrings go in their reſpective Grooves IM, O, and LP without 


croſſing. 


437. The ComETARIUM. This curious Machine ſhews the Mo- 
tion of a Comet or excentric Body moving round the Sun, de- 
ſcribing equal Areas in equal times 5 152, and may be fo con- 
trived as to ſhew ſuch a Motion for any Degree 1 Excentricity. 
It was invented by the late Dr. DRPSACuLIER«S. | 

The dark elliptical Groove round the letters abcdefghikim is the 
Orbit of the Comet F: this Comet is carried round in the Groove 
according to the order of letters, by the Wire V fixed in the Sun &, 
and ſlides on the Wire as it approaches nearer to or recedes farther 
from the Sun, being neareſt of ll in the Perihelion a, and fartheſt 
in the Aphelion g. The Areas aSh, bSc, c&d &. or contents of 
theſe ſeveral Triangles are all equal ; and in every turn of the Winch 
N the Comet 7” 1s carried over one of theſe Areas; conſequently 
in as much time as it moves from F to g, or from g to þ, it 
moves from mm to a, or from à to &; and ſo of the reſt, being 
quickeſt of all at a, and ſloweſt at g. Thus, the Comet's velocity 
in its Orbit continually decreaſes from the Perihelion @ to the Aphe- 
lion g; and increaſcs in the ſame proportion from g to 4. | 

The elliptic Orbit is divided into 12 equal Parts or Signs with 
their reſpective Degrees, and ſo is the Circle zopgrstn which 
repreſents a great Circle in the Heavens, and to which all the fixed 
Stars in the Comet's way are referred. Whilſt the Comet moves 
from / to g in its Orbit it appears to move only about 5 De- 
grees in this Circle, as is ſhewn by the ſmall knob on the end 


of the Wire Y; but in as ſhort time as the Comet moves from m 
| to 
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to a, or from à to 5, and it appears to' deſcribe the large ſpace PLATEIV. 


en or nb in the Heavens, either of which ſpaces contains 120 
Degrees or four Signs. Were the Excentricity of its Orbit greater, the 
reater ſtill would be the difference of its Motion, and vice versd. 

ABCDEFGHIKL MA is a circular Orbit for ſhewing the equable 
Motion of a Body round the Sun &, deſcribing equal Areas ASB, 
BSC, &c. in equal times with thoſe of the Body Y in its ellip- 
tical Orbit above mentioned ; but with this difference, that the circu- 
lar Motion deſcribes the equal Arcs AB, BC, &c. in the fame 
<_—_ times that the elliptical Motion deſcribes the unequal Arcs 
ab, bc, &c. 

Now, ſuppoſe the two Bodies 7” and 1 to ſtart from the Points 
a and A at the ſame moment of time, and each having gone 
round its reſpective Orbit, to arrive at theſe Points again at the fame 
inſtant, the Body 7” will be forwarder in its Orbit than the Body 1 
all the way from a to g, and from A to G; but 1 will be for- 
warder than through all the other half of the Orbit; and the 
difference is equal to the Equation of the Body Fin its Orbit, 
At the Points a, A, and g, G, that is, in the Perihelion and Aphe- 
lion, they will be equal; and then the Equation vaniſhes. This 
ſhews why the Equation of a Body moving in an elliptic Orbit, 
is added to the mean or ſuppoſed circular Motion from the Perihe- 
lon to the Aphelion, and ſubtracted from the Aphelion to the Perihe- 
lion, in Bodies moving round the Sun, or from the Perigee to the 
Apogee, and from the Apogee to the Perigee in the Moon's Mo- 
tion round the Earth, according to the Precepts in the 355th Article; 
only we are to conſider, that when Motion is turned into Time, 

it reverſes the titles in the Table of The Moon's elliptic Equation. 


This curious Motion is performed in the following manner. ABC rig. v. 


is a wooden bar (in the box containing the wheel-work) above which 
are the wheels Dand E; and below it the elliptic Plates FF and 
GG; each Plate being fixed on an Axis in one of its Focuſes, at 
E and K; and the Wheel E is fixed on the fame Axis with the Plate 
FF. Theſe Plates have Grooves round their edges preciſely of equal 
Diameters to one another, and in theſe Grooves is the cat-gut 
ſtring gg, gg croſſing between the Plates at BD. On H, the Axis of the 
handle or winch N in Fig. 4th, is an endleſs ſcrew in Fig. 5, working 
in the Wheels D and E, whoſe numbers of teeth being equal, and 
ſhould be equal to the number of lines @S, 68, cd, &c. in Fig. 4, 
they turn round theit Axes in equal times to one another, and to the 


Motion of the elliptic Plates. For, the Wheels D and E having 
| 1 equal 


N 
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equal numbers of teeth, the Plate FF being fixed on the ſame Axis 
with the Wheel E, and the Plate FF turning the equally big Plate 
GG by a cat-gut ſtring round them both, they muſt all go round 
their Axes in as many turns of the handle N as either of the Wheels 
has teeth. | 

"Tis eaſy to ſee, that the end Y of the elliptical Plate FF being 
farther from its Axis E than the oppoſite end i is, muſt deſcribe a 
Circle ſo much the larger in proportion ; and therefore move through 
ſo much more ſpace in the fame time; and for that reaſon the end 
h moves ſo much faſter than the end 7, although it goes no ſooner 
round the Center E. But then, the quick-moving end + of the Plate 
FF leads about the ſhort end þK of the Plate GG with the ſame 
velocity; and the flow moving end 1 of the Plate FF coming half 
round as to B, muſt then lead the long end & of the Plate GG as 
ſlowly about: So that the elliptical Plate FF and it's Axis E move 
uniformly and equally quick in every part of its revolution; but 
the elliptical Plate GG, together with its Axis K muſt move very 
unequally in different parts of its revolution ; the difference being 
always inverſely as the diſtance of any point of the Circumference of 
GG from its Axis at K: or in other words, to inſtance in two points, 
if the diſtance & be four, five, or ſix times as great as the diſtance 
Kh, the Point Y will move in that poſition four, five, or ſix times as 
faſt as the Point & does, when the Plate GG has. gone half round : 
and ſo on for any other Excentricity or difference of the Diſtances 
Kk and Kh. The tooth 7 on the Plate FF falls in between the two 
teeth at æ on the Plate GG, by which means the revolution of the latter 
is ſo adjuſted to that of the former, that they can never vary from one 
another. ; | 

On the top of the Axis of the equally moving Wheel D, in 
Fig. 5th, is the Sun S in Fig. 4th; which Sun, by the Wire Z 
fixed to it, carries the Ball 1 round the Circle ABCD, &c. with an 
equable Motion according to the order of the letters: and on the 
top of the Axis K of the unequally moving Ellipſis GG, in Fig. 5th, - 
is the Sun & in Fig. 4th, carrying the Ball Y unequably round in the 
elliptical Groove 4 0 c d, &c. N. B. This elliptical Groove muſt be 
preciſely equal and ſimilar to the verge of the Plate GG, which is 
alſo equal to that of FF. 

In this manner, Machines may be made to ſhew the true Mo- 
tion of the Moon about the Earth, or of any Planet about the Sun ; 
by making the elliptical Plates of the fame Excentricities, in pro- 


portion to the. Radius, as the Orbits of the Planets are whoſe Mo- 


I tions 
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tions they repreſent: and ſo, their different Equations in different ' Bn oÞ 


parts of their Orbits may be made plain to ſiglit; and clearer Ideas 
of theſe Motions and Equations acquired in half an hour, than 
could” be gained m_ TON Tone a day EE duch l ee and 


Equations: 1079 l 
* wb o B 


273 


438. The Teynldouss Cones Gone! On the North Pole The im- 
of the Axis, above the Hour Circle, is fixed an Arch MKH of 23 . 5 
Degrees; and at the end H is fixed an upright pin HG, which Gross. 


ſtands directly over the North Pole of the Ecliptic, and perpendicular 
to that part of the ſurface of the Globe. On this pin are two 


HH "P } 


moveable - Collets at D and H, to which are fixed the quadrantal PLATEIIL 
Wires N and O, having two little Balls on their ends for the Sun Fig. III. 


and Moon, as in the Figure. The Collet D is fixed to the circular 


Plate F whereon the 297 days of the Moon's age are engraven, 


beginning juſt under the Sun's Wire N; and as this Wire is moved 


round the Globe, the Plate F turns round with it. Theſe Wires 


are eaſily turned if the Screw G be ſlackened ; and when they are 
ſet to their proper places, the Screw ſerves to fix them there ſo, as 
in turning the Ball of the Globe, the Wires with the Sun and 
Moon go round with it; and theſe two little Balls riſe and ſet at 
the ſame times, and on the ſame points of the Horizon, for the 
day to which they are rectified, as the Sun and Moon do in the 
Heavens. | Of 

Becauſe the Moon rips not heb WY in the Ecliptic as the Sun 
appears to do) but has a Declination of 537 Degrees on each fide from 
it in every Lunation $ 317, her Ball may be ſcrewed as many De- 
grees to either ſide of the Ecliptic as her Latitude or Declination from 
the Ecliptic amounts to at any given time; and for this purpoſe & is 
a ſmall piece of paſteboard, of which the curved edge & is to be ſet 
upon the Globe at right Angles to the Ecliptic, and the dark line 


over S to ſtand upright upon it. From this line, on the convex + 


edge, are drawn the 51 Degrees of the Moon's Latitude on botk ſides 
of the Ecliptic; and when this piece is ſet upright on the Globe, it's 
graduated edge reaches to the Moon on the Wite O, by which 
means ſhe is eaſily adjuſted to her Latitude found by an Ephemeris. 
The Horizon is ſupported by two ſemicireular Arches, becauſe Pillars 
would ſtop the progreſs of the Balls when they" go below the Kennen 


in an oblique ſphere. 


To rectiſy the Globe. Elevate the Pole to the Latitude of this Place, ; 


* bring the Sun's place in the Ecliptic for the given day to the 
Nn braſen 
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To rectify it. braſen; Meridian, and ſet the Hour Index to XII at noon, that is, to 


It's uſe. 
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the upper XII on the Hour Circle; keeping the Globe. in that fitua- 
tion, ſlacken the Screw G, and ſet the Sun directly over his place on 
the Meridian; which done, ſet the Moon's Wire under the number 
that expreſſes her age for that day on the Plate F, and ſhe will then 
ſtand over her place in the Ecliptic, and ſhew what Conſtellation ſhe 
is in. Laſtly, faſten the Screw G, and laying the curved edge of 
the paſteboard & over the Ecliptic below the Moon, | adjuſt the Moon 


to her Latitude over the graduated edge of the paſteboard ; and the 


Having thus rectified the Globe, turn it round, and obſerve on what 
points of the Horizon the Sun and Moon Balls rife and ſet, for theſe 
agree with the points of the Compaſs on which the Sun and Moon riſe 
and ſet in the Heavens on the given day; and the Hour Index ſhews 
the times of their riſing and ſetting ; and likewiſe the time of the Moon's 
ing over the Meridian, % nnn or abi * | 
This ſimple Apparatus ſhews all the varieties that can happen in 
the rifing and ſetting of the Sun and Moon; and makes the fore- 
mentioned Phenomena of the Harveſt Moon (Chap. xvi.) plain to 
the Eye. It is alſo very uſeful in reading Lectures on the Globes, 
becauſe a large company can ſee this Sun and Moon going round, 
riſing above and ſetting below the Horizon at different times, 
according to the ſeaſons of the year; and making their appulſes 
to different fixed Stars. But, in the uſual way, where 3 18 
only che places of the Sun and Moon in the Ecliptic to kee 
— Eye upon, they are eaſily loſt ſight of, unleſs covered — 4 


439. The PrantTarY GLoBE. In this Machine, T is a terreſtrial 
Globe fixed on its Axis ſtanding upright on the Pedeſtal CDE, 
on which is an Hour Circle, having its Index fixed on the Axis, 
which turns ſomewhat tightly in the Pedeſtal, ſo that the Globe may 
not be liable to ſhake; to prevent which, the Pedeſtal is about two 


Inches thick, and the Axis goes quite through it, bearing on a 


ſhoulder. The Globe is hung in a graduated braſen Meridian, much 
in the uſual way; and the thin Plate N, NE, E, is a moveable 
Horizon, graduated round the outer edge, for ſhewing the Bearings 
and Amplitudes ef the Sun, Moon, and Planets. The braſen Meri- 
dian is grooved round the outer edge; and in this Groove is a ſlender 
Semi-circle of braſs, the ends of which are fixed to the Horizon 
in its North and South Points: this Semi-circle llides in the Groove 
f as - : 2 


De PLansTarRY GLone deſcribed. 


as the Horizon is moved in rectifying it for different Latitudes. To 

the middle of the Semi-arcle is fixed a Pin which always keeps in 
the Zenith of the Horizon, and on this Pin the Quadrant of Altitude 
9 turns; the lower end of which, in all Poſitions, touches the Ho- 
_ rizon as it is moved round the ſame. This Quadrant is divided into 

go Degrees from the Horizon to the zenithal Pin on which it is turned, 
at go. The great flat Circle or Plate AB is the Ecliptie, © on the 
outer edge of which, the Signs and Degrees are laid down ; and every 
fifth Degree is drawn through the reſt of the furface of this Plate towards 
its Center. On this Plate are ſeven Grooves, to which ſeyen tittls 
Balls are adjuſted by ſliding Wires, ſo that they are eaſily moved in 
the Grooves, without danger of ſtarting out of them. The Ball next 
the terreſtrial Globe is the Moon, the next without it is Mercury; the 
next Venus, the next the Sun, then Mars, then Jupiter, and _ 
Saturn; and in order to know them, they are ſeparately ſtampt wi 
the following Characters; D, Y, 2, G, G, IT, 5. This Plate 
or Ecliptic is ſupported by four ſtrong Wires, having their lower ends 
fixed into the Pedeſtal, at C, D, and E, the fourth being hid by the 
Globe. The Ecliptic is inclined 234 Degrees to the Pedeſtal, and is 
therefore properly inclined to the Axis of the Globe which ſtands 


upright on the Pedeſtal. 


To recliſy this Machine. Set all the planetary Balls to their geocen- To rectify it. 


tric places in the Ecliptic for any given time by an Ephemeris: then, 
ſet the North Point of the Horizon to the Latitude of your place on 
the braſen Meridian, and the Quadrant of Altitude to the South Point 
of the Horizon; which done, turn the Globe with its Furniture till 
the Quadrant of Altitude comes right againſt the Sun, ws, to his 
place in the Ecliptic; and keeping it there, ſet the Hour Index to the 
XII next the letter C; and the Machiae will be rectified, not only for 
the following Problems, but for ſeveral others, which the Artiſt may 


eaſily find out. 
PROBLEM L: 


To find the Anplitudes, Meridian Altitudes, and times of Riſing, Culni- 


nating, and Setting, of the Sun, Mom, and Planets. . 


Turn the Globe round eaftward, or according to the order of Its us. 


Signs; and as the eaſtern edge of the Horizon comes right againſt 
the Sun, Moon, or any Planet, the Hour Index will ſhew the time 
of it's rifing; and the inner edge of the Ecliptic will cut it's rifing 
Amplitude in the Horizon. —_ on, .and as the Quadrant of —_ 
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tude comes right againſt the Sun, Moon, or Planets, the Ecliptic cuts 
their meridian Altitudes in the Quadrant, and the Hour Index ſhews 
the times of their coming to the Meridian. Continue turning, and 
as the weſtern edge of the Horizon comes right againſt the Sun, 
Moon, or Planets, their ſetting Amplitudes are cut in the Horizon 
by the Ecliptic; and the times of their ſetting are ſhewn by the Index 
oabthe: Hear Cycle! fl nn 0 10 
To find the Altitude and Azimuth of the Sun, Moon, and Planets, at any 
6243 © time of their being above the Horizon. | 

Turn the Globe till the Index comes to the given time in the Hour 
Circle; then keep the Globe ſteady, and — the Quadrant of 
Altitude to each Planet reſpectively, the edge of the Ecliptic will cut 


the Planet's mean Altitude on the Quadrant, and the Quadrant will 
cut the Planet's Azimuth, or Point of Bearing on the Horizon. 


P ROB L E M III. 


The Sun's Altitude being given at any time either before or after Noon, to 


find the Hour of the Day, and the Variation of the Compaſs, in any. 
' known Latitude. | aj 


With one hand hold the edge of the Quadrant right againft the Sun; 
and, with the other hand, turn the Globe weſtward, if it be in the 
forenoon, or eaſtward' if it be in the afternoon, until the Sun's place 
at the inner odge of the Ecliptic cuts the Quadrant in the Sun's ob- 
ferved Altitude; and then the Hour Index will point out the time of 


the day; and the Quadrant will cut the true Azimuth, or Bearing of 


the Sun for that time: the difference between which, and the Bear- 
ing ſhewn by the Azimuth Compaſs, ſhews the variation of the Com- 
paſs in that place of the Earth, 


440. The TRA JES TrORTIUM LUNARE, This Machine is for deli. 
neating the paths of the Earth and Moon, ſhewing what ſort of 
Curves they make in the etherial regions; and was juſt mentioned in 
the 266th Article. S is the Sun, and E the Earth, whoſe Centers 
are 81 Inches diſtant from each other; every Inch anſwering to a 
Million of Miles 5 47. M is the Moon, whoſe Center is 28 parts 
of an Inch from the Earth's in this Machine, this being in juſt pro- 
portion to the Moon's diſtance. from the Earth $ 52. AA is a Bar 
h TR . of: 


The TaajtctoriuM LUNARE deſcribed. 


of Wood, to be moved by hand round the Axis g which is fixed in 
the Wheel 7. The Circumference of this Wheel is to the Circum- 
ference of the ſmall Wheel L (below the other end of the Bar) as 
365 days is to 297; or as a Year's to a Lunation. The Wheels 
are grooved round their edges, and in the Grooves is the cat- gut 
ſtring GG croſſing between the Wheels at X. On the Axis of the 
Wheel Lis the Index F, in which is fixed the Moon's Axis MH for 
carrying her round the Earth E (fixed on the Axis of the Wheel E) 
in the time that the Index goes round a Circle of 29+ equal parts, 
which are the days of the Moon's age. The Wheel Y has the Months 
and Days of the year all round it's Limb; and in the Bar AA is fixed 


the Index 7, which points out the Days of the Months anſwering to 


the Days of the Moon's age, ſhewn by the Index H in the Circle of 
29+ equal parts at the other end of the Bar. On the Axis of the 
Wheel L is put the piece D, below the Cock C, in which this Axis 
turns round; and in D are put the Pencils e and m, directly under 
the Earth E and Moon M; ſo that m is carried round e as NH is 


round ego. 3% | 
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Lay the Machine on an even Floor, preſſing gently on the Wheel It's uſe. 


Y to cauſe its ſpiked Feet (of which two appear at P and P, the 
third being ſuppoſed to be hid from fight by the Wheel) enter a little 
into the Floor to ſecure the Wheel from turning. Then lay a 
paper about four foot long under the Pencils e and , croſs-wiſe to 
the Bar: which done, move the Bar ſlowly round the Axis g of the 
Wheel Z; and, as the Earth E goes round the Sun &, the Moon 
M will go round the Earth with a duly proportioned velocity ; and 
the friction Wheel running on the Floor, will keep the Bar from 
bearing too heavily on the Pencils. e and , which will delineate the 
paths of the Earth and Moon, as in Fig. ad, already deſcribed 8 
$ 266, 267. As the Index I points out the Days of the Months, 
the Index F ſhews the Moon's age on theſe Days, in the Circle of 
29% equal parts. And as this laſt Index points to the different Days 
in it's Circle, the like'numeral Figures may be ſet to thoſe parts of the 
Curves of the Earth's Path and Moon's, where the Pencils e and m 
are at thoſe times reſpectively, to ſhew the places of the Earth and 
Moon. If the Pencil e be puſhed a very little off, as if from the Pencil 
m, to about .*- part of their diſtance, and the Pencil puſhed as 
much towards e, to bring them to the ſame diſtances again, though 
not to the ſame points of ſpace; then as goes round e, e will go 
as it were round the Center of Gravity between the Earth e and Moon 


m d 298: but this Motion will not ſenſibly alter the Figure of the 


Earth's Path or the Moon's. It 
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If a Pin as p be put through the Pencil n, with its head towards 
that of the Pin ꝙ in the Pencil e, its head will always keep thereto 
as m goes round e, or as the ſame {ide of the Moon is ſtill obverted 
to the Earth. But the Pin p, which may be conſidered as an equa- 
toreal Diameter of the Moon, will turn quite round the Point , 
making all poſſible Angles with the Line of its progreſs or line of the 
. Path. This is an ocular proof of the Moon's turning round 
er Axis. | 5 | 1 | TRI 


441. The Tidt-Ditat. The outſide parts of this Machine conſiſt 
of, 1. An eight-ſided Box, on the top of which at the corner is 
ſhewn the Phaſes of the Moon at the Octants, Quarters, and Full. 
Within theſe is a Circle of 294 equal parts, which are the days of 
the Moon's age accounted from the Sun at New Moon round to 
the ſame again. Within this Circle is one of 24 hours divided into 
their reſpective Halves and Quarters. 2. A moving elliptical Plate 
painted blue to repreſent the riſing of the Tides under and oppoſite 
to the Moon; and has the words, High Water, Tide falling, Low 


Mater, Tide riſing, marked upon it. To one end of this Plate is 
fixed the Moon M by the Wire , and goes along with it. 


It's uſe. 


3. Above this elliptical Plate is a round one, with the Points of the 
Compaſs upon it, and alſo the names of above 200 places in the large 
Machine (but only 32 in the Figure to avoid confuſion) ſet over 
thoſe Points on which the Moon bears when ſhe raiſes the Tides to 
the greateſt heights at theſe Places twice in every lunar day: and 
to — North and South Points of this Plate are fixed two Indexes 
Tand K, which ſhew the times of High Water in the Hour Circle 
at all theſe places. 4. Below the elliptical Plate are four ſmall Plates, 
two of which project out from below its ends at New and Full 
Moon; and ſo, by lengthening the Ellipſe ſnew the Spring Tides, 
which are then raiſed to the greateſt heights' by the united attractions 
of the Sun and Moon 5 302. The other two of theſe ſmall Plates 
appear at low water when the Moon is in her . Quadratures, or at 
the ſides of the elliptic Plate, to ſhew the Nepe Tides; the Sun 
and Moon then acting croſs-wiſe to each other. When any two 
of theſe ſmall Plates appear, the other two are hid; and when the 


Moon is in her Octants they all diſappear, there being neither 


Spring nor Nepe Tides at thoſe times. Within the Box are a 
few Wheels for performing theſe Motions by the Handle or 
Winch H. | 


Turn 
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Torn che Handle until the Moon M comes to any given day of 
her age in the Circle of 294 equal R and the Moon's Wire 
will cut the time of her coming to the Meridian on that day, in the 
Hour Circle ; the XII under the Sun being Mid-day, and the-oppoſite 
XII Mid-night: then looking for the name of any given place on 
the round Plate (which makes 29 - rotations whilſt - the Moon M 
makes only one revolution from the Sun to the Sun again) turn the 
Handle tiff that place comes to the word High Water, under the 
Moon, and the Index which falls among the Afternoon Hours will 
ſhew the time of high water at that place in the Afternoon of the 
given day: then turn the Plate half round; till the ſame place comes 
to the oppoſite High Water Mark, and the Index will 'hew the 
time of High Water in the Forenoon at that place., And thus, as 
all the different places come ſucceſſively under and oppoſite to the 
Moon, the Indexes ſhew the times of High Water at chem in both 
parts of the day: and when the fame places come to the Low 
Water Marks the Indexes ſhew the times of Low Water. For 
about two days before and after the times of New and Full Moon, 
the two ſmall Plates come out a little way from below the High 
Water Marks on the elliptical Plate, to ſhew that the Tides: riſe 
ſtill higher about theſe times: and about the Quarters, the other two o 
Plates come out a little from under the Low Water Marks towards 
the Sun and on the oppoſite ſide, ſhewing that the Tides of 
Flood riſe not then ſo high, nor do the Tides of Ebb fall ſo low, as at 
other times. 22 J FT 7 | '' 

By pulling the Handle a little way outward, it is diſengaged from 
the Wheel-work, and then the upper Plate may be turned round 
quickly by hand ſo, as the Moon may be brought to any given day of 
her age in about a quarter of a minute. N e 

On AB, the Axis of the Handle H. is an endleſs Screw C which The infide 


- * 


turns the Wheel FED. af 24 teeth round in 24 revolutions ef the nee 


Handle: this Wheel turns another ONG of 48 teeth, and on its ; 
Axis is the Pinion P of four leaves which turns the Wheel LMT Fig. VIII. 
of 59 teeth round in 295 turnings or rotations of the Wheel FED, 

or in 708 revolutions of the Handle, which is the number of Hours 

in a ſynodical revolution of the Moon. The round Plate with the 

names of Places upon it is fixed on the Axis of the Wheel FED; 

and the Elliptical or Tide-Plate with the Moon fixed to it is upon 

the Axis of the Wheel LK; conſequently, the former makes 291 
revolutions in the time that the latter makes one. The whole Wheel 


FED with the endleſs Screw C, and dotted part of the * the 
80 | andle 
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Handle AB, together with the dotted part of the Wheel OG, lie 


hid below the large Wheel LI. N 977% 14 228 1901 
Fig. gth repreſents the under fide of the Elliptical or Tide-Plate 
abcd, with the four ſmall Plates ABC D, EFGH, IKLM, NOP9, 
upon it: each of which has two flits as TT, SS, RR, UU ſliding 
on two Pins as n, fixed in the elliptical Plate. In the four ſmall 
Plates are fixed four Pins at V, X, V, and Z; all of which work 
in an elliptic Groove 0090 on the cover of the Box below the elliptical 
Plate; the longeſt Axis of this Groove being in a right line with the 
Sun and Full Moon. Conſequently, when the Moon is in Con- 
junction or Oppoſition, the Pins V and & thruſt out the Plates ABCD 
and IKLM a little beyond the ends of the elliptic Plate at 4 and 5, 
to F and e; whilſt the Pins Fand Z draw in the Plates EFGH 
and VO quite under the elliptic Plate to g and 5. But, when 
the Moon comes to her firſt or third Quarter, the elliptic Plate lies 
acroſs the fixed elliptic Groove in which the Pins work; and there- 
fore the end Plates ABCD and IKLM are drawn in below the great 
Plate, and the other two Plates EFGH and NOP®9 are thruſt out 
beyond it to @ and ce. When the Moon is in her Octants the Pins 
V, X,Y, Z are in the parts o, o, o, o of the elliptic Groove, which 
parts are at a mean between the greateſt and leaſt diſtances from the 
Center 9, and then all the four ſmall Plates diſappear below the 
great one. f _ 

442. The EciipsaREon. This Piece of Mechaniſm exhibits the 
Time, Quantity, Duration, and Progreſs of ſolar Eclipſes, at all Parts 
of the Earth | | 

The principal parts of this Machine are, 1. A terreſtrial Globe A 
turned round its Axis B by the Handle or Winch M; the Axis B 
inclines 234 * and has an Index which goes round the Hour 
Circle D in each rotation of the Globe. 2. A circular Plate E on 
the Limb of which the Months and Days of the year are inſerted. 


This Plate ſupports the Globe, and gives its Axis the ſame poſition 


to the Sun, or to a candle properly placed, that the Earth's Axis has 
to the Sun upon any day of the year F 338, by turning the Plate 
till the given Day of the Month comes to the fixed Pointer or annual 
Index G. 3. A crooked Wire F which points towards the middle 
of the Earth's enlightened Diſc at all times, and ſhews to what place 
of the Earth the Sun is vertical at any given time. 4. A Penumbra, 
or thin circular Plate of braſs 7 divided into 12 Digits by 12 con- 
centric Circles, which repreſent a Section of the Moon's Penumbra, 

and 


The EclirsartoN deſcribed. 
and is proportioned to the ſize of the Globe; ſo that the ſhadow of 


this Plate, formed by the Sun, or a candle placed at a convenient 


diſtance, with it's Rays tranſmitted through a convex Lens to make 
them fall parallel on the Globe, covers exactly all thoſe places upon 
it that the Moon's Shadow and Penumbra do on the Earth: ſo that 
the Phenomena of any ſolar Eclipſe may be ſhewn by this Machine 
with candle-light, almoſt as well as by the light of the Sun. 5. An 
upright frame HHHH, on the ſides of which are Scales of the Moon's 
Latitude or Declination from the Ecliptic. To theſe Scales are fitted 
two Sliders K and K, with Indexes for adjuſting the Penumbra's 
Center to the Moon's Latitude, as it is North or South Aſcending or 
Deſcending. 6. A ſolar Horizon C, dividing the enlightened Hemi- 
ſphere of the Globe from that which is in the dark at any given 
time, and ſhewing at what places the general Eclipſe begins and 
ends with the riſing or ſetting Sun. 7. A Handle M, which turns the 
Globe round it's Axis by wheel-work, and at the ſame time moves the 
Penumbra acroſs the frame by threads over the Pullies L, L, L, 
with the velocity duly proportioned to that of the Moon's fhadow 
over the Earth, as the Earth turns on its Axis. And as the Moon's 


Motion is quicker or ſlower, according to her different. diſtances from 


the Earth, the penumbral Motion is eaſily regulated in the Machine 
by changing one of the Pullies. | 7 
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To rectiſy the Machine for uſe. The true time of New Moon and To rectify it. 


her Latitude being known by the foregoing Precepts F 355, 363. 
if her Latitude exceeds the number of minutes or diviſions on the 
Scales (which are on the fide of the frame hid from view in the 
Figure of the Machine) there can be no Eclipſe of the Sun at that 
Conjunction; but if it does not, the Sun will be eclipſed to ſome 
places of the Earth; and, to ſhew the times and various appearances 
of the Eclipſe at thoſe places, proceed in order as follows. 

To rectiſy the Machine for performing by the Light of the Sun. 1. Move 
the Sliders KK till their Indexes point to the Moon's Latitude on the 
Scales, as it is North and South Aſcending or Deſcending, at that 
time. 2. Turn the Month Plate E till the day of the given New 
Moon comes to the annual Index G. 3. Unſcrew the Collar N a 
little on the Axis of the Handle, to looſen the contiguous Socket 
on which the threads that move the Penumbra are wound ; and ſet 
the Penumbra by Hand till its Center comes to the perpendicular 
thread in the middle of the frame; which thread repreſents the 
Axis of the Ecliptic h 371. 4. Turn the Handle till the Meridian of 


London on the Globe comes juſt under the point of the crooked 
O O Wire 


It's uſe. 
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Wire F; then ſtop, and turn the Hour Circle D by Hand till XII 
at Noon comes to its Index. 5. Turn the Handle till the Hour 
Index points to the time of New Moon in the Circle D; and hold- 
ing it there, ſcrew faſt the Collar N. Laſtly, elevate the Machine till 
the Sun ſhines through the Sight-Holes in the ſmall. upright Plates 
O, O, on the Pedeſtal; and the whole Machine will be rectified. 

To reftify the Machine for ſhewing the Candle-Light, proceed in every 
reſpect as above, except in that part of the laſt paragraph where the 
Sun is mentioned; inſtead of which place a Candle before the Machine, 
about four yards from it, ſo as the ſhadow of Interſection of the croſs 
threads in the middle of the frame may fall preciſely on that part of 
the Globe to which the crooked, Wire F points: then, with a pair of 
Compaſſes take the diſtance between the Penumbra's Center and In- 


terſection of the threads; and equal to that diſtance ſet the Candle 


higher or lower as the Penumbra's Center is above or below the ſaid 
Interſection. Laſtly, place a large convex Lens between the Machine 
and Candle, ſo as the Candle may be in the Focus of the Lens, and 
then the Rays will fall parallel, and caſt a ſtrong light on the Globe. 

Theſe things done, which may be ſooner than expreſſed, turn the 
Handle backward until the Penumbra almoſt touches the fide HF 
of the frame; then turning it gradually forward, obſerve the follow- 
ing Phenomena. 1. Where the eaſtern edge of the Shadow of the 
penumbral Plate I firſt touches the Globe at the ſolar Horizon, thoſe 
who inhabit the correſponding part of the Earth ſee the Eclipſe 
begin on the uppermoſt edge of the Sun, juſt at the time of its 
riſing. 2. In that place where the Penumbra's Center firſt touches the 
Globe, the inhabitants have the Sun riſing upon them centrally 
eclipſed. 3. When the whole Penumbra juſt falls upon the Globe, its 
weſtern. edge, at. the ſolar Horizon, touches and leaves the place 
where the Eclipſe ends at Sun-riſe on his lowermoſt edge. Con- 
tinue turning, and, 4. the croſs lines in the-Center of the Penumbra 
will go over all thoſe places on the Globe where the Sun is cen- 
trally eclipſed, 5. When the eaſtern edge of the Shadow touches 
any place of the Globe, the Eclipſe begins there: when the vertical 
line in the Penumbra comes to any place, then is the greateſt ob- 
ſcuration at that place; and when the weſtern edge of the Penumbra 
leaves the place, the Eclipſe ends there; the times of all which are 
ſhewn on the Hour Circle: and from the beginning to the end, 
the Shadows of the concentric penumbral Circles ſhew the number 
of Digits eclipſed at all the intermediate times. 6. When the eaſtern 


edge of the Penumbra lcaves the Globe at the ſolar Horizon C, 
the 
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the inhabitants ſee the Sun beginning to be eclipſed on his lower- 
moſt edge at its ſetting. 7. Where the Penumbra's Center leaves the 
Globe, the inhabitants ſee the Sun ſet centrally eclipſed. And laſtly, 
where the Penumbra is wholly departing from the Globe, the inha- 
bitants ſee the Eclipſe ending on the uppermoſt part of the Sun's edge, 
at the time of its diſappearing in the Horizon 5 343. 


N. B. If any given day of the year on the Plate E be ſet to the 
annual Index G, and the Handle turned till the Meridian of any place 
comes under the point of the crooked Wire, and then the Hour 
Circle D ſet by the hand till XII comes to its Index; in turning the 
Globe round by the Handle, when the ſaid place touches the eaſtern 
edge of the Hoop or ſolar Horizon C, the Index ſhews the time of 
Sun-ſetting at that place ; and when the place is juſt coming out from 
below the other edge of the Hoop C, the Index ſhews the time that 
the evening Twilight ends to it. When the place has gone — 
the dark part A, and comes about ſo to touch under the back of the 
Hoop C on the other fide, the Index ſhews the time that the Morn- 
ing Twilight begins; and when the ſame place is juſt coming out from 
below the edge of the Hoop next the frame, the Index points out 
the time of Sun-rifing. And thus, the times of Sun-riſing and ſetting 
are ſhewn at all places in one rotation of the Globe, for any given day 
of the year: and the point of the crooked Wire F ſhews all the places 
that the Sun paſſes vertically over on that day. | 
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The numeral Figures refer to the Articles, and the ſmall » to the 
: Notes on the Articles. 1 


A. 


41 RAT ION of the Stars, 221. 

Angle, what, 185. 

Annual Parallax of the Stars, 196. 

Anomaly, what, 239. 

Antients, their ſuperſtitious notions of 
Eclipſes, 329. | * 5 
Their method of dividing the Zodiac, 

398. f , 

Antipodes, what, 122. 

Apſides, line of, 238. 

ARCHIMEDES, his ideal Problem for 

moving the Earth, 


5 CI 
Areas deſcribed by the Planets, equal in | | 
Bades, on the Earth, loſe of their weight 


times, 153. 

Aſtronomy, the great advantages ariſing from 
it both in our religious and civil con- 
cerns, 1. 

Diſcovers the laws by which the Planets 
move, and are retained in their Orbits, 2. 

Atmoſphere, the higher the thinner, 174. 
It's prodigious expanſion, ib. 

It's whole weight on the Earth, 


175. 
Genera ly thought to be heavieſt when 
it is lighteſt, 176. 
Without it the Heavens would appear 
dark in the day-time, 177. 
Is the cauſe of twilight, ib. 
It's height, 5. 
Refracts the Sun's rays, 178. | 
Cauſeth the Sun and Moon to appear 
above the Horizon when they are 
really below it, ib. | 
F ofen, deceives us in the bulk and di- 
ance of objects, 185. 6 
Attraction, In: 1 
Decreaſes as the ſquare of the diſtance 
increaſes, 106. : 


Greater in the larger than in the ſmaller 
Planets, 158. 
Greater in the Sun than in all the 
Planets if put together, ib. | 
Axes of the Planets, what, 19. 
Their different poſitions with reſpect to 
one another, 120. | 
Axis of the Earth, it's paralleliſm, 302. 
It's poſition: variable as ſeen from the 
Sun or Moon, 338. the Phenomena 
thence ar iſing, 340. f 


B. 


the nearer they are to the Equator, 
117. kt 
How they might loſe all their weight, 118, 
How they become viſible, 167. 


C. 


Calculator, (an Inſtrument) deſcribed, 436. 
Calendar, how to inſcribe the Golden 
Numbers rightly in it for ſhewing the 

days of New Moons, 423. 

Cannon-Ball, it's ſwiftneſs, 89. 

In what times it would fy from the 
Sun to the different Planets and fixed 
Stars, ib. 5 

CAss ix, his account of a double Star 

eclipſed by the Moon, 58. 

His 3 of the Paths of the Planets, 
138. | 

Catalogue of the Eclipſes, 327. 
Of the Conſtellations and Stars, 367. 
Of remarkable Aras and events, 433. 
Celeſtial Globe improved, 438. 


Centripetal 


Centripetal and centrifugal forces, how they 
alternately overcome each other in the 
motions of the Planets, 152—1 54. 

Changes in the Heavens, 4.03. 

Chords, line of, how to make, 369. 

Circles, of perpetual Apparition and Occul- 
tation, 128, 

Of the Sphere, 198. : 
Contain 360 Degrees whether they be 
great or ſmall, 207. 

Civil Year, what, 411. 1 

CoLumBus (CHRISTOPHER) his ſtory 

concerning an Eclipſe, 330. 

Clocks and FPatches, an eaſy method of 
knowing whether they go true or falſe, 


223. 

Why they ſeldom agree with the Sun 
if they go true, 228—245. 

How to regulate them by Equation 


Tables and a Meridian line, 225, | 


226. 
Cloudy Stars, 402. 
Cometarium ( an Inſtrument ) deſcribed, 
437. 
Con 2— antient, their number, 396. 
he number of Stars in each, according 
to different Aſtronomers, 399. 
Cycle, Solar, Lunar, and Romiſb, 420, 
Of Eaſter, 425. 


D. 


Daykneſs at our SA viovn's crucifixion 
ſupernatural, 352, 432. 

Day, natural and artificial, what, 417. 
And Night, always equally long at the 

Equator, 126. 
Natural, not compleated in an abſolute 
turn of the Earth on it's Axis, 222. 

Degree, what, 207. 

Digit, what, 321, n. 

Direction, (Number of) 426. 

Diftances of the Planets from the Sun, an idea 
thereof, 89. 
A Table thereof, 98. 
How found, 190. 

Diurnal and annual Motions of the Earth 
illuſtrated, 200, 202. 

Dominical Letter, 427. 

Double projectile force, a balance to a Qua- 
druple Power of Gravity, 153. 
Star covered by the Moon, 58+ 


— 


IN BE Yx 


E. 


Earth, it's bulk but a point as ſeen from 

the Sun, 3. 

It's Diameter, annual Period, and Di- 
ſtance from the Sun, 47. 

Turns round it's Axis, 76. | 

Velocity of it's equatoreal Parts, ib. 

Velocity in it's annual Orbit, ib. 

Inclination of it's Axis, 48. 

Proof of it's being globular, or nearly 
ſo, 49, 314. 

Meaſurement of it's ſurface, 50, 51. 

Difference between it's Equatoreal and 
Polar Diameters, 76. 

It's motion round the Sun demonſtrated 
by gravity, 108, 111. by Dr. BR APD- 
LEY's obſervations, - 113. by the 
Eclipſes of Jupiter's Satellites, 219. 

It's diurnal motion highly probable from 
the abſurdity that muſt follow upon 
ſuppoſing it not to move, 111. 120. 
and demonſtrable from it's figure, 116. 
this motion cannot be felt, 149. 

Objections againſt it's motion anſwered, 
VI 191. 

It has no ſuch thing as an upper or under 
ſide, 122. in what caſe it might, 123. 

The ſwiftneſs of it's motion in it's Orbit 
compared with the velocity of light, 


I97. 
It's 4 iurnal and annual motions illuſtrated 
by an eaſy experiment, 200. 
Proved to be leſs than the Sun and bigger 
than the Moon, 315. 
Eafter Cycle, 425. 
Eclip/areon (an Inſtrument) deſcribed, 442. 
Eclipſes, of Jupiter's Satellites, how the 
Longitude is found by them, 207—218. 
they demonſtrate the velocity of light, 


210. | 
Ot the Sun and Moon, 312—327. 
—_ happen not in every month, 
16. | 5 
When they muſt be, 317. 
Their limits, 16. A 
Their Period, 320, 326. 
A diſſertation on their progreſs, 321 
324 ö 
A large catalogue of them, 327. 
Hiſtorical ones, 328. 85 


More 


* 
* 
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More of the Sun than of the Moon, and 
why, 331. f 
The proper Elements for their calcula— 
tion and projection, 353 —390. 
Ecliptic, it's Signs, their names and cha- 
racters, gt. f 
Makes different Angles with the Horizon 
every hour and minute, 275. how 
theſe Angles 1% eſtimated by the 
poſition of the Moon's horns, 260. 
It's obliquity to the Equator leſs now 
than it was formerly, 405. 
How it's Signs are numbered, 354. 
Elengations, of the Planets, as ſeen by an 
obſerver at reſt on the outſide of all their 
Orbits, 133. 
Of Mercury and Venus as ſeen from the 
Earth, illuſtrated, 142. it's quantity, 


143. 3 
Of K ercury, Venus, the Earth, Mars, 
and Jupiter; it's quantity as ſeen from 
Saturn, 147. | 
Epochas or Mras, 433- | 
Equation of time, 224—245. 
Of the Moon's Place, 355. 
Of the Sun's Place, 1b. 
Of the Nodes, 363. | 
Equator, day and night always equal there, 
126. ; 
Makes always the fame Angle with the 
' Horizon of the ſame place; the 
Ecliptic not, 274, 275- 


Eguinoctial Points in the Heavens, their 


receſſion, 246, a very different thing | 
i Heat, decreaſes as the ſquare of the di- 


om the receſſion or anticipation of the 
Equinoxes on Earth, the one no ways 
occaſioned by the other, 249. 
Excentricities of the Planets Orbits, 155. 


F, 


Fallacies in judging of the bulk of objects 
by their apparent diſtance, 185; applied 
to the ſolution of the horizontal Moon, 
187. 

Fir/t Aeridion, what, 207. 

Fixed Stars, why they appear of leſs mag- 
nitude when viewed through a teleſcope 
than by the bare eye, 391. 

Their number, 392. 

Their diviſion into different Claſſes and 


Conſtellations, 395—399. 


G. 


General Phenomena of a ſuperior Planet as 

ſeen from an inferior, 149. 

Gravity, demonſtrable, 101—104. 

Keeps all bodies on the Earth to it's 
ſurface, or brings them back when 
thrown upward ; and conſtitutes their 
weight, 101, 122. 

Retains all the Planets in their Orbits, 
„„ 

Decreaſes as the ſquare of the diſtance 
increaſes, 106. 

Proves the Earth's annual motion, 108. 

Demonſtrated to be greater in the larger 
Planets than in the ſmaller; and 
ſtronger in the Sun than in all the 
Planets together, 158. 

Hard to underſtand what it is, 160. 

Acts every moment, 162. | 

Globe, improved celeſtial, 438. 


Great Year, 251. 


H. 


Harmony of the celeſtial motions, 111. 
Harveſt- Mon, 273—293. 
None at the Equator, 273. 
Remarkable at the Polar Circles, 28 5. 
In what years moſt and leaſt advantageous, 
292. 


ſtance from the Sun increaſes, 169. 

Why not greateſt when the Earth is 
neareſt the Sun, 205. 

wi greater about three o'Clock in the 
afternoon than when the Sun is on the 

Meridian, 300. | 

Heavens, ſeem to turn round with different 
velocitiesas ſeenfrom the different Planets; 
and on different Axes as ſeen from moſt 
of them, 120. & 
Only one Hemiſphere of them ſeen at 


once from any one Planct's ſurface, 


125. | 
The Yun's Center the only point from 
which their true Motions could be 
ſeen, 135. | 
Changes in them, 403. 
Horizon, what, 125, u. 
-"" 


Horixontal- 


I. N D 


Harizontal- Mn explained, 187. 

Horizontal Parallax, of the Moon, 190; of 
the Sun, 191 ; belt obſerved at the Equa- 
tor, 193. 

Hour-Circles,” what, 208. | 

Hour of time equal to 15 degrees of mo- 
tion, 1b. | 
How divided by the Fews, Chaldeans, 

and Arabians, 419. | 

HuyGENIU3, his thoughts concerning the 

diſtance of ſome Stars, 5. 


2). 


Inclination of Venus's Axis, 29. 

Of the Earth's, 48. 

Of the Axis or Orbit of a Planet only 
relative, 201. | 

Inhabitants ' of the Earth (or any other 
Planet) ſtand on oppoſite ſides with their 
feet toward one another, yet each thinks 

himſelf on the upper fide, 122, 

Julian Period, 430. a 

Jupiter, it's diſtance, diameter, diurnal 

and annual revolutions, 67—69. 

The Phenomena of it's Belts, 70. 

Has no difference of ſeaſons, 71. 

Has four Moons, 72, their grand Pe- 
riod, 73, the Angles which their Or- 
bits ſubtend as ſeen from the Earth, 
74. moſt of them are eclipſed in every 
revolution, 75. | 

The great difference between it's equa- 
toreal and polar Diameters, 76. 

The inclination of it's Orbit, and place 
of it's Aſcending Node, 77. 

The Sun's light 3000 times as ſtrong 
on it as Full Moon-light is on the 
Earth, 85. 

Is probably inhabited, 86. _ 

The amazing ſtrength required to put it 
in motion, 158. 

The figures of the Paths deſcribed by 
it's Satellites, 269. | 


L. 


Light, the inconceivable ſmallneſs of it's 
particles, 165, and the dreadful mif- 
chief they would do if they were larger, 
166, 


It's ſurpriſing velocity, 166. compared 

with the ſwiftneſs of the Earth's an- 
nual motion, 197. 

Decreaſes as the Nau of the diſtance 
AP the luminous body increaſes, 
169. 

Is refracted in paſſing through different 
Mediums, 171—173. 

Affords a Fe of the Earth's annual 
motion, 197, 219. 

In what time it comes from the Sun to 
the Earth, 216. this explained by. a 
figure, 217. 

Limits of Eclipſes,. 317. 
Line, of the Nodes, what,. 317 ; has a re- 

trograde motion, 319. 

Of Sines and Chords, how to make, 


369. 

Lons (Rev. Dr.) his method of comparing 
the quantity of the ſurface of dry land 
with that of the Sea, 51. 

His glaſs ſphere, 126. 
Longitude, how found, 2079—213. 
Lucid Spots in the Heavens, 401. 
Lunar Cycle deficient, 422. 


M. 

Magellanic Clouds, 402. 

Man, of a middle ſize, how much preſſed 
by the weight of the Atmoſphere, 175; 
why this preſſure is not ſelt, ib. 

Mars, it's Diameter, Period, Diſtance, 
and other Phenomena, 64—67. 

Matter, it's properties, 99. 

Mean Anomaly, what, 239, 

Mercury, it's Diameter, Period, Diſtance, 


Wc. 22. | 
Appears in all the ſhapes of the Moon, 


23. 

When it will be ſeen on the Sun, 24. 

The inclination. of it's Orbit and Place 
of it's Aſcending Node, 76. 

It's Path delineated, 138. 

Experiment to ſhew it's Phaſes and: ap- 
parent Motion, 142. 

Mercury (Quickſiver) in the Barometer, 
why not affected by the Moon's raiſing 
Tides in the Air, 311. 

Meridian, firſt, 207. 

Line, how to draw one, 226, 


Milky 


Milky Way, what, 400. 
Months, Fewiſh, Arabian, Egyptian, and 

Grecian, 415. 

Moon her Diameter and Period, 52. 

Her phaſes, 53, 255. 

Shines not by her own light, 54. 

Has- no difference of ſeaſons, 55. 

The Earth is a Moon to her, 56. 

Has no Atmoſphere of any viſible Den- 
fity, 58; nor Seas, 59. 

How her inhabitants may be ſuppoſed to 
meaſure their year, 62. 

Her light compared with day-light, 85. 

The excentricity of her Orbit, 98. 

Is nearer the Earth now than was 

formerly, 163. 

Appears bigger in the Horizon than at 
any conflerable height above it, and 
why, 187; yet is ſeen much under 
the ſame Angle in both caſes, 188. 

Her ſurface mountainous, 252: if ſmooth 
ſhe could give us no light, 76. 


Why no hills appear round her edge, 


253. 
Has 4 Twilight, 254. 
Appears not always quite round when 
full, 256. 
Her phaſes agreeably repreſented by a 
_ globular Stone viewed in Sun- ſhine 
when ſhe is above the Horizon, and 
the obſerver placed as if he ſaw her 
on the top of the Stone, 258. 
Turns round her Axis, 262. 
The length of her Solar and Sidereal 
Day, 16. 
Her periodical and ſynodical revolution 
repreſented by the motions of the 
hour and minute hands of a Watch, 


264. 

Her Path delineated, and ſhewn tobe al- 

ways concave to the Sun, 265—268. 

Her motion alternately retarded and ac- 
celerated, 267. 

Her gravity toward the Sun greater than 
toward the Earth at her Conjunction, 

and why ſhe does not then abandon 

the Earth on that account, 268. 

Riſes nearer the time of Sun-ſet when 
about the full in harveſt for a whole 
week than when ſhe is about the full 
at any other time of the year, and 
why, 273—284: this riſing goes 
through a courſe of increaſing and 


Z 


NDR. 


decreaſing benefit to the farmers every 
19 years, 292. 

Continues above the Horizon of the 
Poles for fourteen of our natural Days 
together, 293. | | 8 

Proved to be globular, 314. and to be 
leſs than the Earth, 315. 

Her Nodes, 317. aſcending and deſcend- 
ing, 318. their retrograde motion, 
319. . 

Her acceleration proved from antient 
Eclipſes, 322, u. 

Her Apogee and Perigee, 336. | 

Not inviſible when ſhe is totally eclipſed, 
and why, 346. 

How to calculate her Conjunctions, Op- 
poſitions, and Eclipſes, 355—390. 

How to find her age in any Lunation by 
the Golden Number, 423. 

Morning and Evening Star, what, 145. 
Motion, naturally rectilineal, 100. 

Apparent, of the Planets as ſeen by a 
ſpectator at reſt on the outſide of all 
their Orbits, 133; and of the Heavens 
as ſecn from any Planet, 154. 


N. 


Natural Day, not compleated in the time 
that the Earth turns round it's Axis, 222. 
New and Full Moon to calculate the times 
of, 355. | 
New Stars, 403, cannot be Comets, 404. 
New Style, it's original, 414. | 
NICIAS's "Py 328, 
Nodes, of the Planet's Orbits, their places 
in the Ecliptic, 20. | 
Of the Moon's Orbit, 317. their retro- 
grade motion, 319, _ 
Nonageſimal Degree, what, 259, 
Number of Direction, 426. 


O. 


Objefts, we often miſtake their bulk by 

miſtaking their diſtance, 185. 

Appear bigger when ſeen through a fog 
than through clear Air, and why, 16. 
this applied to the ſolution of the 
Horizontal Moon, 187. 

Oblique Sphere, what, 131. : 
Olympiads,, 
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Olympiads, what, 323. u. 
Orbits of the Planets not ſolid, 21. 
| Orrery deſctibed, 434, 435, 436. 


P. 


Parallax, Horizontal, what, 190. 
Parallel Sphere, what, 131. 
Path of the Moon, 265, 266, 267. 
Of Jupiter's Moons, 269 
Pendulums, their vibrating flower at the 
Equator than near the Poles proves that 
the Earth turns on it's Axis, 117. 
Penumbra, what, 336. | 
It's velocity on, the Earth in Solar E- 
clipſes, 337. | 
Period of Echpſes, 320, 326. 
Phaſes of the Moon, 252—268. 
Planets, much of the ſame nature with the 
Earth, 11. | 
Some have Moons belonging to them, 


12. 
Move all the ſame way as ſeen from the 
Sun, but not as ſeen from one an- 
other, 18. | 
Their Moons denote them to be inha- 
- bited, 86. 

The proportional breadth of the Sun's 
Diſc as ſeen from each of them, 87, 
Their proportional bulks as ſeen from 

- the Sun, 88. 
. mig of their diſtances from the Sun, 
9. | 
Appear bigger and leſs by turns, and 
why, 90. 
Are kept in their Orbits by the power 
of gravity, 101, 150—158. 
Their motions very irregular as ſeen from 


the Earth, 137. | 
The apparent motions of Mercury and 


Venus delineated by Pencils in an 
Orrery, 138. 
Elongations of all the reſt as ſeen from 
Saturn, 147. | 
Deſcribe equal areas in equal times, 


153 
The excentricities of their Orbits, 


155. 
1 times they would fall to the 
Sun by the power of gravity, 157. 
Diſturb one another's motions, the con- 


ſequence thereof, 163. 


4 Appear dimmer when ſeen through tele... 


copes than by the bare eye, 
ſon of this, 170. 
Planetary Globe deſcribed, 439. 
Polar Circles, 198. 


Pales, of the Planets, what, 19. 


Of the world, what, 122: 
Celeſtial, ſeem to keep on the ſame points 


of the Heavens all the year, and why, 


196. 


Projeftile Force, 1 50; if doubled would. 


require a quadruple power of gravity to 
retain the Planets in their Orbits, 153. 
Is evidently an impulſe from the hand 
of the ALMIGHTY, 161. 
Preceſſion of the Equinoxes, 246—2 51. 
Ptolemean uk abſurd, 96, 140. 


R. 
Raysof Light if not diſturbed, move in 


aight lines, and hinder not one an- 
other's motions, 168. | 
Are refracted in paſling through different 
mediums, 171. | 
Ref * of the Atmoſphere cauſes the Twi- 
ight, 177. 1 
Refoaftion + the Atmoſphere bends the rays 
of light from ſtraight lines, and keeps 
the San and Moon longer in fight than 
they would otherwiſe be, 178. 
A ſurpriſing inſtance of this, 183. 
Muſt be allowed for in taking the Alti- 
tudes of the celeſtial bodies, 76, 


Right Sphere, 131. 


| 8. 
Satellites; the times of their revolutions 
28 their primary Planets, 52, 73. 
o. 

Their Orbits compared with each other, 
with the Orbits of the primary Planets, 
and with the Sun's circumference, 271. 

What ſort of Curves. they deſcribe, 272. 

Saturn, with his Ring and Moon's, their 

Phenomena, 78, 79, 82. 

The Sun's light 1000 times as ſtrong 
to him as the light of the Full Moon 
is to us, 85. | 

The Phenomena of his Ring farther 
explained, 204. , 8 
3 1 0 
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Our Bleſſed Savroux, the darkneſs at his 

crucihxion ſupernatural, 352. 

The prophetic year of his crucifixion 
found to agree with an aſtronomical 
calculation, 432. 

Sea ſons, different, illuſtrated by an eafy 

experiment, 200; by a figure, 202 

Shadow, what, 312. | 
Sidereal Time, what, 221; the number of 


Sidereal Days in a year exceeds the 


number of 
222. 
An eaſy method for regulating Clocks 
and Watches by it, 223. 
Signs of the Zadiac, their names and cha- 
rafters, 91, 365. 
How they are numbered by Aſtronomers, 


Solar Days by one, and why, 


4 
ines. be of, how to make, 369. 
 $mi1TH, (Rev. Dr.) his compariſon between 

Moon-light and Day-light, 85. 

His demonſtration that Tight decreaſes as 
the ſquare of the diſtance from the 
luminous body increaſes, 169. 

(Myr. GeorGE) his Differtation on the 
Progreſs of a Solar Eclipſe, 321—324. 

Solar Aftronemer, the judgment he might 
be ſuppoſed to make concerning the 

Planets and Stars, 135, bs 

Sphere, parallel, oblique, and right, 131. 

It's Circles, 198. <2 

Spring and Neap Tides, 302. 


Stars, their vait diſtance from the Earth, 


„196. 
Probably not all at the ſame diſtance, 4. 
Shine by their own light, -and are there- 
fore Suns 7, probably to other 
worlds, 8. | 
A demonſtration that they do not move 
round the Earth, 111. 
Have an apparent. ſlow motion round the 
Poles of the Ecliptic, and why, 251. 
A catalogue of them, 399. 
Cloudy, 402, 
New, 403- 8 
Some of them change their places, 404. 
Starry Headens have the ſame aapearance 
from any part of the Solar Syſtem, 132. 
SUN, appears bigger than the Stars, and 
Why, 4. 
Turns round his Axis, 18. 
His proportional breadth as ſeen from 
the different Planets, 87, 
3 


| Deſcribes unequal ares above and below 
the Horizon at different times, and 
whyy 130. | F 

His Center the only place from which 
the true motions of the Planets could 
be ſeen, 135. . | | 

Is for half a year together viſible at 
each Pole in it's turn, and as long in 
viſible, 200, 294. 

Is nearer the Earth in Winter than in 
Summer, 205. 

Why his motion agrees ſo ſeldom with 
the motion of a well regulated Clock, 
224245. | 

Would more than fill the Moon's Orbit, 
271. . 

Proved to be much bigger than the 
Earth, and the Earth to be bigger 
than the Moon, 315. 

To calculate his true place, 360. . 
Sy/tems, the Solar, 17-95; the Ptole- 
mean, 96; the Tychonic, 97. 


T. 


Table, of the Periods, Revolutions, Mag- 


' nitudes, Diftances, Sc. of the Planets, 
facing 5 99. 8 
Of the Air's rarity, compreſſion, and 
- expanſion at different heights, 174. 
Of refractions, 182. 

For converting time into motion, and the 

reverſe, 220. 

For ſhewing how much of the celeſtial 
Equator paſſes over the Meridian in 
any part of a mean Solar Day; and 

how much the Stars accelerate upon 
the mean Solar time for a month, 221. 

Of the firſt part of the Equation of time, 

229; of the ſecond part, 241. 

Of the preceſſion of the Equinox, 247. 

Of the length of Sidereal, Julian, and 

Tropical Years, 251. 
Of the Sun's place and | 
Anomaly, follow 

Of the Equation of ( 9 

natural Days, 

Of the Conjunctions of the hour and 

minute hands of a Watch, 264. 

Of the Curves deſcribed by the Satellites, 


272. | 
Of the difference of time in the Moon's © 
riling and ſetting on the parallel of 
Londen 
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Londen wy day during her courſe 
round the Ecliptic, 277. 

Of Eclipſes, 327. 

For calculating New and Full Moons 
and Eclipſes, following 390. 

Of the Conſtellations and number of the 
Stars, 

Of the Fei, Egyptian, Arabic, and 
Grecian months, 415. 

For inſerting the Golden Numbers right 
in the Calendar, 423. 

Of the times of all the New Moons for 

6 years, 424- 
of remarkable Aras or Events, 433. 


Venus, her bulk, diſtance, period, * 
of days and nights, 26. 
Shines not by her own light, ih. 
Is our morning and evening Star, 28, 
Her Axis, how ſituated, 29. 
Her ſurpriſing Phenomena, 29—43· 
The inclination of her Orbit, 45. 
When ſhe will be ſeen on the Sun, 74. 
How it may probably be ſoon known 

if ſhe has a Satellite, 46. 

Appears in all the Shapes of the Moon, 
23, 141. 
An experiment to ſhew her phaſes and 


apparent motion, 141. 


Of the Golden Number, en: | Via, N, Lon ws 207, „ 


Direction, Pominieal 

Days of the Months, following 433. 
TAL Es's Eclipſe, 323. 
TfucyDrps's Eclipſe, rei 02. 
Tides, their Cauſe and Phenomena 295— 


311 
Tide-Dial deſcribed); 44. 


Trajectorium Lunare 1 + I 440. — 


Tropics, 198. 
Twilight, none in the Moon, 254. 
Tychonic Syſtem abſurd, 97. 


=: : — 
Univerſe, the Work of Almi b Power 
5, 161. 
Up and down, only * terms, 122. 
Upper or under fide of the Earth no ſuch 


Wet 123. 


v. 


Velbcity of Light compared with the velocity 
of the Earth in it's annual Orbit, 197. 
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gun, not Rotten When the Sun is 


neareſt to us, and why, 205. 
Weight, the eauſe of it, 142 
Iarld nat eternal 164. 


i 


85 "IF 
-- Ja 407 . 251, Tro ical, 408. 
Siderea Lunar, 410, Civil, 411, 
Biſſerkle, NN 413, Jewiſh, 
- Eeypriom, c, and Grecian, 415, 


- how long it would be if the Sun moved 
round the Tay 111. 
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III 
Zodiac, what, 397. 

How divided by the antients, 398. 
Zones, what, 199, 
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